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HAT IT’S LIKE TO WATCH A WESTERN 
WITH SANSUI'S NEW SURROUND SOUND AV RECEIVER. 


You won't just watch movies, you'll experience them. That's because the engineers 
at Sansui have made Dolby Pro-Logic" Surround Sound an integral part of their new 
RZ-9500AV receiver. The RZ-9500AV separates the soundtrack into five distinct 
channels to create sound so real, so astonishingly lifelike, you'll swear you're part of 
the action. In fact, when the movie's over, don't be surprised if you find hoofprints 


in your carpet. The Sansui RZ-9500AV receiver. Sight and sound made better. 


BISANSUI 


ENGINEERED TO 
FIT YOUR LIFE. 


THE SANSUI RZ-9500AV RECEIVER.FIVE AMPS-FRONT, REAR, CENTER.DOLBY PRO-LOGIC. MEMORY LEARNING REMOTE 
©1990 Sansui USA Inc., P.O. Box 625. Lyndhurst, NJ 07071 (800) 524-2351 Dolby Surround is a trademark of Dolby Laboratories Licensing Corp 
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you can concentrate on enjoying the scenery instead 
The IQ Zoom 700 has many other features that lift picture-taking 
to new heights. Built-in auto flash, backlight compensation, daylight 
sync and slow-shutter speed sync assure beautifully exposed photos 
from dawn to dark, outdoors or in. 
The pushbutton ease of this camera even has such unconventional 
features as a multi-exposure mode, and the self-timer lets you capture 


of worrying about how to capture it. 

The power zoom lens, first introduced by Pentax, 
yourself as King of the Hill, twice, with 
only one setting. 

See how easy it is to reach the peak 
of picture-taking? Just be smart enough 
e to use your IQ. 


You won't need backpacks or hiking boots to 
accomplish this feat, as long as you're smart enough 
to take along your IQ—the super slim IQ Zoom 700. 

This incredibly compact camera offers a full range 
of automatic features that are simple to operate. So 
lets you choose any focal length between 35mm and 
70mm, plus a macro setting for close, detailed images. 

1QZoom/ 00 
© 1990 PENTAX CORP 


i 70mm. 
Zooming reaches its peak at 70m. 


King of the Hill at 35mm Roped in by macro mode. All pictures taken with the IQ Zoom 700 and Kodak Ektar film. 
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Earth-orbiting 
balloon 


Earthwinds is the most complex 
manned balloon ever. Its mission: 
to fly around the world nonstop— 
a feat that has never before been 
accomplished. 


How we can 
win the war 


With landfills closing 
all over, what can we 
do with our ever- 
greater mounds of 
garbage? Some an- 
swers: degrade, re- 
cycle, burn. 
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Antilock brakes 


Antilock braking systems—cost- 
ing upward of $1,200—have been 
a safety advantage that only a lim- 
ited number of people could afford. 
But a new design strategy for ABS 
developed by Delco Moraine will 
drop the price to the $400 level, 
making it an option on main- 
stream domestic cars in 1991. 


The trouble 
with Hubble 


The Hubble Space Telescope should 
have been the greatest leap for- 
ward in astronomy since Galileo. 
But for now, the myopic telescope 
is a disappointment, an embar- 
rassment, “a tragedy.” Can the vi- 
sion of Hubble be restored? 
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What's News 


Pride of Maryland teammates surround PoruiaR Samia Editor-in-Chief, 


afternoon, the top-finishing so- 

lar-powered race cars of the 
General Motors Sunrayce USA gath- 
ered to be feted by the Department of 
Energy and PoPULAR SCIENCE in Wash- 
ington, D.C. Quite a contrast to the 
rain and wind the racers had slogged 
their way through only days earlier. 

PoPULAR SCIENCE's Engineering 
Excellence Award, a $2,000 scholar- 
ship, went to the University of Mary- 
land team, whose Pride of Maryland 
racer finished third in the 11-day com- 
petition. Associate Editor Brian Nadel 
judged the Pride of Maryland "a safe 
car that is both fast and light." 

With an average speed of 20.5 mph 
and first-place finishes in four of the 
eight daily legs that it completed un- 
der solar power, the Pride of Mary- 
land's third-place overall earned it a 
sponsored ride to the trans-Australia 
World Solar Challenge race in Nov- 
ember. And no one is holding a grudge 
that as pole-position starter, the 
Maryland team took a wrong turn that 


GAMMA LIASON JOE KENNEDY 


0 n a dripping-hot, sunbaked July 


hj 


Michigan's Sunrunner scores a hometown victory. 


got everyone lost on 
the first day. 

First place in Sun- 
rayce went to the 
University of Michi- 
gan’s Sunrunner. Av- 
eraging 22.5 mph, the 
Michigan entry was 
the only one to finish 
all legs of the course 
under solar power. 

Second place went 
to Western Washing- 
ton University’s Vik- 
ing XX, with an aver- 
age speed of 22.2 
mph. Along with the 
Sunrunner and the 
Pride of Maryland, the Viking XX will 
be heading to the Australian race. 

The Viking XX, featured on our Au- 
gust cover, was about the most radical 
vehicle we’ve reported on—until 
Associate Editor Stuart F. Brown got 
hot on the trail of this month’s cover 
subject, Earthwinds. This 340-foot-tall 
lighter-than-air craft takes the look 
—and endeavor—of manned balloon- 
ing to unprecedented limits. 

An update on another Earth orbiter, 
the heralded Hubble, tells us that the 
ripple effects from the star-crossed 
space telescope are likely to be far- 
reaching. Science and Technology Edi- 
tor Arthur Fisher reports that coping 
with Hubble’s trouble may cost $25 
million a year and threaten the al- 
ready tenuous plans to complete space 
station Freedom or embark on the 
manned Moon-Mars missions. 


H 
H 
H 
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two important environmental ar- 

ticles. In the Times Mirror Mag- 
azines Conservation Council report, 
you'll read how the Bush administra- 
tion is tackling the issue of wetlands 
preservation and about action you can 
take to support this issue as the 1990 
Farm Bill is considered in Congress. 
Also, in what’s certainly the dirtiest 
job we've ever handed to a POPULAR 
SCIENCE writer, Associate Editor 
Mariette DiChristina has dug up 
some of the ways science and technol- 
ogy are waging—and winning—the 
war on garbage. 


AM. 


E inally, I direct your attention to 
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If youd like a career with a high-tech company, 
start with one of ours. 


From telecommunications centers to laser technology to advanced — 
radar systems, you'll work with the most sophisticated xii d in the. 
world, as a member of an Army company. : 

Which means you'll gain the skills it takes to 
get an edge on the high-tech job market. 

And you'll gain the confidence, self-discipli 
and capacity for leadership the best employers 
insist on. 

So call 1-800-USA-ARMY and get the train 
you'l need to get an edge on life. And your future. 


Readers Talk Back 


1,000 words about a picture 


You owe an apology to the makers of 
Friedrich room air conditioners for 
the cover and picture used for “Ozone- 
Friendly Cooling” [July]; they imply 
that those air conditioners leak chlo- 
rofluorocarbons into the atmosphere. 
E. D. McGoun, Bryson City, N.C. 


I was dismayed that your July cover 
was nothing more than an advertising 
coup for the Friedrich company. While 
the article was accurate, one photo or 
illustration in your magazine draws 
tremendous speculative interest. Al- 
so, you should have stated that today 
no room air conditioners—or central 
air conditioners—that use the new or 
experimental refrigerants are being 
commercially produced. 
Philip J. Batterson 
Technical Representative 
Carrier Corp., City of Industry, Calif. 


More on ozone-friendly A/Cs 


Regarding “Refrigerators That Stay 
Cool Without CFCs,” you said manu- 
facturers are considering splitting the 
cooling system into two loops—one for 
the refrigerator and one for the freez- 
er. Sun Frost has been making refrig- 
erators with separate. systems for 
eight years, as described in “Super- 
Fridge Can Run on Sunshine” [Nov. 
85). 
Larry Schlussler, owner 
Sun Frost 
Arcata, Calif. 


Contrary to your article, the ozone 
hole was known about long before 
1984. “Forty Years Research on Atmo- 
spheric Ozone at Oxford” appeared in 
Applied Optics (vol. 7, no. 3, 1968). In 
the article, G. M. B. Dobson, after 
whom the unit of measure for ozone 
concentration was named, described 
Antarctic ozone holes for 1956 
through 1958. 

Eli Lieberman, Silver Spring, Md. 


Mistaken about wind power 


In July’s “RTB,” a reader in favor of 
nuclear power states that “wind pow- 
er’s low-frequency vibrations cause 
health problems.” As a consultant to 
the wind industry, I am unaware of 
any such health issue. Wind turbines 
do emit audio energy, but if you want 


to talk about damaging noise, big cit- 
ies are a better starting place. 

Michael D. Zuteck 

Kemah, Texas 


Quiet sub uncovered? 


A submarine with a magnetohydro- 
dynamic propulsion system would no 
doubt be quiet and difficult to detect 
by sonar [“Deep Cover,” Aug.]. But 
wouldn’t the MHD system emit an 
electromagnetic-field signature that 
could be tracked with magnetic-sensi- 
tive equipment? 
Timothy E. Smith 
Fredericksburg, Va. 


The magnets in the MHD system 
would indeed create such a signature. 
However, it is possible to install 
shielding made from sheets of nickel- 
rich steel; this would absorb the mag- 
netic field outside of the MHD system, 
reducing the risk of detection.— 
T. A. Heppenheimer 


Poputar Science 1989 index 


To purchase the 1989 index, send 
$1.75 for one, or $1 each for five or 
more, to POPULAR SCIENCE Indexes, 
Box 2451, West Chester, Pa. 19380. 


Corrections: The General Motors 
Willow Run, Mich., plant was orig- 
inally built to make B-26 bombers 
during World War II [“Inside Saturn,” 
Aug.]. 

The head-and-torso simulator dum- 
my was developed and is manufac- 
tured by Bruel & Kjaer of Naerum, 
Denmark [“Science Newsfront,” Aug.]. 


Address letters to Readers Talk Back, POPULAR 
Science, 2 Park Ave., New York, N.Y. 10016. Or fax 
your letter to us at 212-779-5468. We reserve the right 
to edit for space and clarity and cannot answer un- 
published letters. 


PHOTOCOPY PERMISSION: Permission is granted 
by Popular Science? to libraries and others registered 
with the Copyright Clearance Center (CCC) to photo- 
copy articles in this issue for the flat fee of $1 per 
copy of each article or any part of an article. Send 
correspondence and payments to CCC (21 Congress 
St., Salem, Mass. 01970); specify CCC code 0161- 
7370/85/$1.00—0.00. Copying done for other than 
personal or reference use without the written per- 
mission of Popular Science" is prohibited. Address 
requests for permission on bulk orders to Beth 
Barber, L.A. Times Syndicate, intl., 2 Park Ave., New 
York NY 10016 for foreign requests. For domestic re- 
quests, write to Permissions Desk, L.A. Times Syndi- 
cate, Times Mirror Square, Los Angeles CA 90053. 
Popular Science" is a registered trademark of Times 
Mirror Magazines, Inc. 
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‘Wetlands Conservation: 
_ „A National Priority. 


» 


l Chevy Truck 


No Net Loss 
Of Wetlands 


am pleased to have this opportunity to address 

the readers of Times Mirror's magazines on a 

subject important to all of us—the environment. 
America enjoys the blessings of many natural rich- 
es—fertile soils, abundant water, productive fish- 
eries, abundant wildlife, rich mineral resources, great 
forests and vast prairies. 

As we work to preserve our precious environ- 
ment, we must remember that this is one of the most 
important legacies we can leave for our children and 
grandchildren. They deserve nothing less than a 
healthy, safe and productive planet. My Administra- 
tion is dedicated to an America—and a world— that 
is environmentally sound. 

One area of continuing concem is our wetlands. I 


President Bush, Times Mirror Magazines President Francis P. Pandolfi and Interior Secretary Lujan discuss wetlands. 


stand by my pledge to protect these critical areas of 
biological and ecological diversity by working to- 
ward a goal of no net loss of wetlands. We must 
Strive to end the needless filling and draining of wet- 
lands, and work toward the creation of new wetlands. 
A Wetlands Task Force, established through the Do- 
mestic Policy Council, is addressing this important 
issue. 

I applaud programs such as those being pursued 
by the Times Mirror Magazines Conservation Coun- 
cil which seek to improve communication with the 
American people on conservation and environmental 
issues—including that of wetlands. 

Individual citizens have a responsibility to do their 
part for our environment. Whether it’s recycling pa- 
per, planting trees or protecting wetlands, everyone 
can make a difference. I hope the readers of Times 
Mirror's magazines will join in the effort to preserve 
for future generations the precious natural resources 
of our nation and our world. 


Gok 


President George Bush 
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Wetlands: 
Critical Links 
in Natural 
Ecosystems 


resident Bush has pledged that his administra- 
P tion will perpetuate the many values we re- 

ceive from wetlands. From a mountain bog 
feeding a sparkling stream to a tidal mangrove 
marsh, wetlands are an essential part of water-based 
ecosystems. Golf, skiing, fishing, boating, hunting 
and virtually all of the activities covered by Times 
Mirror's magazines generally rely on wetlands as a 
part of the supporting ecosystem. 

Until recently, wetlands were not recognized as hav- 
ing a tangible value, Now we know that wetlands are 
homes and nursery grounds for fish and wildlife. They 
also store water, serve as buffers for erosion during 
flooding and act as natural filters of pollutants. They 
are critical links in the natural ecosystems that affect al- 
most every facet of our lives. 

However, in the recent past, agricultural and 
other subsidy programs existed to destroy wet- 
lands; and they were quite successful, reducing 215 
million acres of wetlands to 95 million acres. Re- 
cent data indicate an annual loss of 300,000 to 
550,000 acres, resulting in changes in local weath- 
er patterns, severe declines in some duck and ma- 
rine fish populations, and a lessening in the buffer- 
ing capacity of natural systems to the effects of 
flooding, drought and pollution. 

Over one-third of the almost 600 species of plants 
and animals that are threatened or endangered require 
wetlands for survival. When a species becomes ex- 
tinct, a bit of diversity in our ecosystem is lost. With it 
goes part of an ecological safety net similar to the 
economic diversity that supports a healthy economy. 

In 1985, Congress first woke up to the fact that agri- 
culture is responsible for approximately 80% of wet- 
lands destruction. So the 1985 Farm Bill included a 
provision called Swampbuster intended to encourage 
farmers to protect wetlands by eliminating the subsi- 
dies they receive if they produce crops on filled or 
drained wetlands. But the 1985 legislation was weak. 
Now, in the 1990 Farm Bill, improvements are being 
considered. First is a strengthening of Swampbuster to 
include better enforcement and the loss of eligibility 
for federal subsidies upon conversion of a wetland, 
rather than after a commodity crop is planted on it. 

The proposed 1990 Farm Bill also includes a Wet- 
lands Reserve Program, where farmers would be paid 
to permanently protect the wetlands they put in this Re- 


serve. Congressional proposals for the total acreage un- 
der this program range from one to five million acres. 

Backers of these improvements in the Farm Bill 
believe the public, which is expected to pay farmers 
$50 to $75 billion in subsidies over the next five 
years, should receive a benefit in the form of the con- 
servation of natural resources. Opponents to Swamp- 
buster want farmers to receive public cash with as 
few strings attached as possible. Although no subsi- 
dies might be best, wetlands protection often costs 
the public less than crop subsidies. Much of the 
draining and filling of wetlands on farms has been to 
produce crops that are eligible for subsidies. 

In September 1990, the House and Senate should be 
in conference working out differences in the bills from 
each body. So there still exists opportunity for you to in- 
fluence the protection of wetlands in the 1990 Farm Bill. 

Additional legislation to protect wetlands exists in 
the 101st Congress such as the Fish Resource Con- 
servation Bill to establish The National Fishery Re- 
source Conservation System for protecting, manag- 
ing and acquiring priority fisheries habitat. Also, the 
Coastal Zone Improvement Act will encourage states 
to protect coastal wetlands. However, legislation is 
not the only way to protect wetlands. Both the U.S. 
Fish and Wildlife Service and the Bureau of Land 
Management have new strategies to protect and re- 
store the wetlands they manage. 

Inevery conservation issue, a balance must be found 
between outright preservation of all that is natural, and 
the needs of our citizens. Responsible development and 
multiple use of natural resources must involve a long- 
term outlook of maintaining natural resources rather 
than taking the short-term payoff of drain and fill. 


ACTION YOU CAN TAKE 


Congressmen and Senators want to hear most from 
the voters back home, the people they are paid to rep- 
resent, the ones who put them in office. Here's how 
you can make a difference: 

To express your support for a strong conservation 
section in the Farm Bill and the other legislation to 
protect wetlands, write your elected officials: The 
Honorable (Name), United States Senate (or) House 
of Representatives, Washington, D.C., and the Sen- 
ate's 20510 zip code or 20515 for the House. 

To learn about or support the Bureau of Land 
Management (BLM) and the U.S. Fish and Wildlife 
Service (USFWS) wetlands programs write: BLM 
Director Cy Jamison and/or USFWS Director John 
Tumer. Both are at the Department of the Interior, 
Washington, D.C. 20240. You should also write to the 
President’s Wetlands Task Force in room 5138 at the 
US. Fish and Wildlife Service. 

Times Mirror Magazines, publisher of this maga- 
Zine, has launched an aggressive conservation program. 
Comments from our readers help guide our program. 
Write: Dr. David Rockland, TMM Conservation Coun- 
cil, 1705 DeSales St., N.W., Washington, D.C. 20036. 
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JAY WARBURTON Å LB 
President, Home Video : 
Network (HVN); national award-winning 
outdoor writer and film producer: 
Member Chevy Truck Outdoor Pro Team. 


The wise use of our natural 
resources. 

The true outdoorsmen and 
women of today are folks who 
have the utmost respect for the 
conservation of those natural 
resources which Mother Nature 
has provided. 

Since the birth of modern- 
day wildlife management pro- 
grams just over a century ago, 
the wise use of our natural 
resources has become a way of 
life for all those who enjoy and 
respect the sports associated 
with our renewable wildlife and 
fishery resources. 

Throughout this country, 
active sportsmen have continu- 
ously been the leaders in the 
ongoing challenge of assuring 
that the grand beauty of the 
outdoors is maintained and 
expanded in value, to guarantee 
that the grandeur of nature’s 
wealth will be there for genera- 
tions to come. 


Wetlands and Conservation: 


Ducks Unlimited, Inc. 
A powerful force for 
conservation. 

When the wetlands of North 
America became severely 


threatened in the 1930s, Ducks 
Unlimited, Inc., was formed by 
a handful of concerned sports- 
men. It now boasts an active 
membership of over a half- 
million who have contributed 
millions of dollars and volunteer 
hours. Started by waterfowl 
hunters, Ducks Unlimited, Inc., 
has resulted in the protection 
of millions of acres of wetlands 
which provide permanent habi- 
tats for large and small game, . 
waterfowl, fisheries and many 
non-game species. 


Wetlands and today’s 
Sportsman. 

As it has been in the past, 
today’s sportsmen and women 
are the leaders in promoting the 
wise use of all our natural 
resources. The sportsmen’s con- 


cern about the dwindling wet- 
land resources and the decline in 
waterfowl population has provid- 
ed the awareness and the dollars 
resulting in the institution of the 
North American Waterfowl Man- 
- agement Plan and Pres- 
z ident Bush’s 
fil no net loss" of 
y wetlands program. It 
is because sportsmen 
—— live for the love of their 
— sports that they are the first 
to sound the alarm. They see it 
all firsthand, from snowblown 
duck blinds, wading in chest-high 
waters of a mountain stream, 
stalking a whitetail buck in the 
hardwoods of Pennsylvania or 
just relaxing by a campfire in a 
big game camp in the Rockies. 
Today's hunter or fisher- 
man not only reaps the bene- 
fits of the wildlife and 
fishery resources, he does 


Pan 


ed. 
of this limited. 


Yeritage for America’s Future. 


so with the knowledgeable re- 
spect, concern and dedication to 
the health and future preserva- 
tion of the wilds which he has 
learned to love. 


Chevy $-10 Blazer 4-Door: 
It takes to wetlands like a 
duck to water: 

America’s best-loved sport 
utility vehicle just got bigger. In 
anew 4-door model. With 25% 


RID 
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More People Are Winning With — . 


more cargo room behind the 
rear seat. And available seating 
for six. 

Shift-on-the-fly Insta-Trac™ 
is America's most popular 
4-wheel-drive system. Coupled 
with the biggest V6 you can get, 
the 4.3L Vortec V6, it gives you 
plenty of towing ability and off- 
road power. Chevy S-10 Blazer's 
perfect for today's sportsmen. 


TN 
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Sportsmen's Workshop 
Video Library, 


In the.Sportsman’s Work- 
shop Video™ Library, tips and 
insight will be provided for out- 
door sports ranging from bass 
fishing to ducks and decoys to 
big game hunting. Every time 
you buy one of these videos with 
the Ducks Unlimited logo, a por- 
tion of the purchase price will be 
used to protect wildlife habitat. 
Thanks to Chevy sponsorship, 
these videos are only $9.95. 
Videos are available at better 
retailers nationwide or may be 
ordered direct by calling 
1-800-223-3428. 


X. 


| 
| 
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=~ of America, TODAY'S TRUCK IS CHEVROLET. " 


BY JUDITH ANNE YEAPLE 


<All eyes and ears 


This prototype combat robot uses 
video cameras and acoustic monitors 
for surveillance work while the oper- 
ator is a safe two miles away. A fiber- 
optic data link lets the operator and 
robot communicate. The robot was 
designed for Sandia National Lab- 
oratories by Grumman Corp. 


n 
Snooping bagel V 
Whether aiming its video cameras at 
enemy targets or rush-hour traffic, 
this unmanned aircraft can 
hover over a position for 
hours. The six-foot-diame- 
ter Cypher cruises at 80 
knots and at altitudes up 
to 8,000 feet. Sikor- 
sky designers say 
enclosing the 
counterrotat- 

ing blades min- 
imizes the dan- 

ger to ground 
personnel. 


Salads in space A 


Future astronauts may munch veg- 
etables sprouting from a “salad ma- 
chine.” Designed at NASA’s Ames Re- 
search Center, the hydroponic unit 
should provide 12 salads each week. 


The art of science V 


This display by VPL Research lets 
visitors experience virtual reality— 
the perception that they're in the 
room on the screen. The display was 
part of CyberArts International, an 
electronic art exhibit in Los Angeles. 
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Truss test A 


Wright-Patterson Air Force Base en- 
gineers tested this 300-pound flexi- 
ble truss in simulated zero gravity to 
determine its behavior in space. The 
truss was stowed in a plane that flew 
parabolic maneuvers, creating 25- 
second intervals of weightlessness. 
The results will help them design 
large, flexible space structures. 


= 


“Green” skyscraper > 


Poland’s proposed 70-story Warsaw 
Trade Center will be made of a recy- 
cled aluminum skin and concrete that 
includes World War II rubble. Solar- 
powered lights will illuminate the 
spire. American architect William Mc- 
Donough also wants 10 square miles 
reforested to compensate for its eco- 
logical damage. 


c BEATH 
BESZZE 


—Á aye ke, 
GLOUCESTER PO! 


«Stirring things up 


MITCHELL J. ALBALA 


Scientists at NASA Langley Research 
Center and the Virginia Institute of 
Marine Science used aviation tech- 
nology to design a “water wing” to 
mix oxygenated water into the deep- 
er, oxygen-poor regions of the Che- 
sapeake Bay. Anchored four feet 
above the bay bed, the 20-foot-long 
wing creates vortices as the current 
streams around it. Currently tested 
in the York River, the project will fos- 
ter regrowth of aquatic life. 
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BY WILLIAM J. HAWKINS 


What’s New 
ELECTRONICS 


Lap-top > 
A 


s computer 
is six pounds of 
power: an 80286 
processor, an 11- 
inch VGA LCD, a 
20-megabyte hard 
disk, two mega- 
bytes of RAM, and 
a 2,400-bps mo- 
dem. The VH-286 
is priced at $1,899 
from Airis Com- 
puter Corp. (1824 
N. Besley Ct., Chi- 
cago Ill. 60622). 


Just the right light A i 


Not enough light, and your home vid- 
eos are impossible to see. Too much, 
and they're washed out. That's why 
the CV-20SA camcorder Video Light 
uses photocells to determine room 
lighting and adjust its output from 7 
to 20 watts for the right balance, ac- 
cording to the maker, Sunpak/Tocad 
America (401 Hackensack Ave., Hack- 
ensack, N.J. 07601); $150. 


Perfect picture A 


Toshiba's TRX-2000 is the first satel- 
lite TV receiver to have an S-Video 
output. The special connection, for 
both Super-VHS VCRs and S-Video- 
equipped monitors, keeps video and 
color information separated, signifi- 
cantly reducing dot crawl, smears, 
and color bleeds in the picture. The 
LCD display shows antenna position 
and satellite information; $1,949. 


Two-way VCR A 


Make a video on a compact VHS-C 
camcorder, and you can't use the cas- 
sette on your home VCR without a 
special adapter. No longer. JVC's new 
F/C-compatible HR-SC1000U VCR us- 
es a new loading mechanism to ac- 
cept either full or compact cassettes 
for recording or playback. The Su- 
m b per-VHS machine records with up to 


[PD T © 
400 lines of resolution, comes with a jog/ 
" | I shuttle remote, and is programmable 

|_| p at | | for up to 20 events; $1,599. 


wa 


— <4 Digital editor 


om SAVIS Eee Edit your home videos with the Video 
Equalizer and its digital circuitry lets 
you change the color of elements in a 
scene—from the tie you wore to the 
color of the house in the background. 
Overall color, contrast, and bright- 
ness can be changed as well. It's $300 
from Videonics (1370 Dell Ave., Camp- 
bell, Calif. 95008-6604). 
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BY MARCELLE M. SOVIERO A 
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Garbage cruncher p 


Tired of taking out the gar- 

bage? You won't have to do it , 

as often with the Compac 

trash can, which holds three "s 


to four times more garbage 
than other bins its size. The 
hinged lid serves as a manual 
compactor—just swing the 
handle upright then down 
against the pressure plate for 
periodic compacting. Compac 
Manufacturer, 5321 Cleveland 
St., Suite 201, Virginia Beach, 
Va. 23462. Price: $40. 


< Tinted wood veneer 


Need a match for your wood 
cabinets? Craftwood Color 
Tinted Veneers come in 12 
pretinted cut oak styles or 
can be custom-made in virtu- 
ally any color or neutral stain. 
The veneers are available in 
sheets with laminate or paper 
backers. Ralph Wilson Plas- 
tics, 600 General Bruce Dr., 
Box 6110, Temple, Texas 76503. 


< Adjustable mattress 


A dual air-chamber system in- 
flates and deflates the Select 
LRA Comfort mattress with the 
<< push of a button on a hand- 
2 held control. This activates an 
electronic air control unit. Select 
Comfort Sleep Systems, 11010 89th 
Ave. N., Minneapolis, Minn. 55369. 


aaga 


Emergency porch light A Plastic radiant floor heating system A 


In an emergency, you can turn your Unlike other radiant floor heating systems that use metallic conductors sand- 
porch light into a flashing beacon. wiched between plastic sheets, the Electroplastic system is made from solid 
Just screw the adapter in between carbon polyethylene. It also needs no thermostat; as the temperature rises, the 
the bulb and its socket. To activate current draw falls until the system reaches its operating temperature, about 85 
the system, flip the switch twice. Con- degrees F. The mats have adhesive strips for easy installation and are suitable 
sumer Engineering, 1240A-4 Clear- to warm up areas such as bathroom floors, says Electroplastic Heating System 
mont St., N.E., Palm Bay, Fla. 32905. (1456 Second Ave., Suite 204, New York, N.Y. 10021). 
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Hot seat A 


Tired of getting into a cold car seat on 
winter mornings? The Plastelektro self- 
regulating seat heater is the Norwegian 
solution to cold buns. The flexible ele- 
ment warms any seat and uses only 15 
watts of power, according to Plastelek- 
tro (Handverkergaten 4, N-3100 Tons- 
berg, Norway). 


Pressure at a glance A 


A tire’s pressure level can now be 
checked with just a look at SpiraGage, 
the first on-wheel tire gauge, according 
to United Instrument (Box 20626, Port- 
land, Ore. 97220). At $10 per wheel, 
SpiraGage accurately reads pressure 
from 60 to 160 psi to ensure proper 
inflation of truck tires. 


Light up the night > 


The brighter line on the left is painted 
with Visibead safety marking spheres 
four to five times larger than those in 
the conventionally painted line to the 
right. The manufacturer claims it re- 
flects light 2? times better than other 
lane markings. Potters Industries, Wa- 
terview Corporate Centre, 20 Water- 
view Blvd., Parsippany, N.J. 07054. 
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Foam and fiberglass motor trike A 

The angularly styled urethane foam and fiberglass Vortex three-wheeler is pow- 
ered by an 82-hp 750-cc Kawasaki motorcycle engine. It has a pair of steerable 
front wheels and a single rear drive wheel. Plans cost $30 from Dolphin Vehicles 
(1270G Lawrence Station Rd., Sunnyvale, Calif. 94089). 


— < Antifreeze 
reclaimer 


Instead of throw- 
ing away spent au- 
tomotive coolant, 
mechanics can 
now reclaim and 
reuse ethylene gly- 
col antifreeze with 
Cool'r Clean'r. 
The coolant is 
pumped through 
a 10-step filtration 
system. Then pos- 
itive and negative 
ions are removed 
to bring it back to 
theoriginal specs. 
BG Products, Box 
1282, Wichita, Kan. 
67201; $8,490. 


ONE TOUGH MOTOR OIL ANNOUNCES 
ONE TOUGH GUARANTEE... 


HANNS 


TWO HUNDRED FIFTY THOUSAND MILES 
OR TEN YEARS. 


Use Quaker State exclusively in your new car, and our 
limited guarantee will cover lubricated engine parts for 
250,000 miles or ten years, whichever comes first. 


How tough is today’s Quaker State? 

Tough enough to make this promise: Use only Quaker 
State in your new car's engine, and if any lubricated 
engine part not covered by the manufacturer’s warranty 
or extended-service contract suffers an oil-related break- 
down during its first 250,000 miles or ten years, Quaker 


State will pay for the repair. 


amma 
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We'll guarantee lubricated apart in engines of all 
sizes—domestic or imported. 

Quaker State's limited guarantee covers lubricated 
parts in engines of every single imported and domestic 
car or light truck sold in the United States. It even 
covers the deductible on any extended warranty you 
might have purchased from your new-car dealer. 
Enrollment is absolutely free. 

See a copy of lubrication limited warranty and 
enrollment details at participating service centers. 

Complete details and enrollment forms for the Quaker 
State 250,000-mile or ten-year guarantee are available at 


61990 Quaker State Corporation. 


The Big Q is One Tough Motor Oil. 


DON'T POLLUTE. PLEASE DISPOSE OF USED MOTOR OIL PROPERLY. 


participating Quaker State service centers. These 
include many new-car dealers, automotive service 
centers and fast lubes nationwide. 

To participate in the guarantee program, enroll your 
new car at a participating service center within six 
months or 6,000 miles of purchase. Use only Quaker 
State Motor Oil, and have your oil and filter changed 
ata service center according to manufacturer's 
instructions for severe driving conditions but not to 
exceed 4,000 miles or four months between changes. 
Save your receipts. 


How can Quaker State make a guarantee 


this tough? 
£a 


Today's Quaker State has 

proven its toughness over and Y 
over again in the most rigorous j Y) 
tests that the world’s auto makers 

have thrown at it. The result: 
Quaker State actually 
exceeds lubrication speci- 
fications for every single 
car sold in the United 
States. It takes a tough oil 
to offer a guarantee this 
tough. But Quaker State 

is One Tough Motor Oil. 


SuperBlend 
1OW-30 
MOTOR OIL 
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More payload 
than standard 
Ford and Chevy 
half-tons. 


There's a new truck on the street 
that's muscling its way into the hearts 
of serious truck drivers. Its agility 
approaches compacts. Its payload 

capacity holds its 
own against 
meatier half- 
tons. And 
with the 
available power 
of a V-8, it becomes 
the best all-around pickup on the road 
today. It’s the new mid-size Dodge 
Dakota* 


Flexes new V-8 muscle. 


We revved up our Dakota 
with a 170 HP V-8. 


Toany skeptic who thinks Dakota's ; 


Dodge Dakota 4x4 Sport 


a dressed-up compact, 


takealookunderthe — | 5 
hood. There you'll find | i 

a choice of hard-work- y 

ing engines including a \y 


our 5.2L V-8 and 3.9L 
V-6-something no com- 
pact pickup can offer. 
The V-8 delivers 170 hp at 4,000 rpm 
and 262 Ibs-ft of torque at 2400 rpm. 
Equipping you with the power you 
need-on the freeway or on the job. 


‘of workout room - 
with 6'/; and 8 beds. 


Equipped for heavy loads. 


If you want to see what a Dakota 
can carry, fill it up with a load of top- 
soil. We've got up to 2,550 pounds 


The body you always wanted. 


of available payload, depending on 
engine and model. A standard 
Chevy half-ton can’t haul as much. 
Neither can Ford. And although it's 
500 pounds lighter than the Chevy 
C1500, Dakota can actually carry 
300 pounds more** Not bad for a 
truck that's a lot leaner than its full- 
size competition. 


Dakota also 
standsupto e 


cle less fat: 


Dakota. Now with V-8 power. 


full-size pickups when it comes to ver- Dakota body styles are parallel parking 
satility, too. With three-across seating equally impressive. And space, Dakota is a 
and more legroom ontheinside. And every one of them has been perfect fit. 
| a choice of six-and-a-half and eight-foot restyled for 1991. So take You'll also be glad 
| cargo beds out back. Dakota performs, your pick. From 4x2, 4x4, GA to know that no 
whether you're trucking around eight- Club Cab and Sport models. A matter how hard 
foot sheets of plywood or an eight-foot With options likeair condi- & c "m Ì — youareon your 
pool table. tioning, a chrome rear step truck, there's some- 
bumper and 22-gallon fuel PORC ORI pU thing even tougher- 
tank, available at special our exclusive 7/70 


Advantage Package savings! 


Dakota beats full-size pickups in 
one more crucial area: maneu- 
verability. Whether you're 
fighting your way toa 
loading dock or 
squeezing into a 


P s 
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The agility you always needed. 


Protection Plan. It covers the power- 
train for 7 years or 70,000 miles and 
against outer body rust-through for 
7 years or 100,000 miles."* 


Welcome home to Dodge. 


America is coming home to Dodge. 


For the power of our mid-size Dakota 
V-8. For our full-size Cummins Diesel, 
the only full-size turbo diesel pickup 
you can buy. And we think 
they've come home to stay. 
Come see what we're made of. 


"Competitive claims based on ‘90 data (91 competitive data incom- 


plete at time of printing). "Available regular cab 4x2 payload compar- 


isons. tPackage savings based on list prices of Advantage Package 
items if sold separately. tee this limited TIT powertrain and 100 


‘outer body rust-through warranty and restrictions at your dealer, 


Buckle up for safety. 


l Advantage: Dodge. & 


< Help for tight spots 


This squeeze-action ratchet 
wrench helps when you have 
little room to maneuver: 
Pump the grip, and a cam- 
and-link mechanism turns 

à the socket hex shaft. 
The rotation is revers- 

ible, as with a stan- 
dard double-sided 
ratchet wrench. 
Colin Reeves, 9 
Severn Way, Ap- 
perley, Glou- 
cestershire 
GL9 4DA, 
England. 


$m 
More gripping than ever A 
With a $30 accessory kit, the Quick- 
Grip bar clamp [Aug. '89, Dec. '89] be- 
comes more versatile. The kit has two 
six-inch throat clamps and two sets of 
slide-on jaw pads: 3'4-inch pads to 
hold wider work and ^V" pads that 
turn Quick-Grip into a miter clamp. 
American Tool Companies, Box 337, 
DeWitt, Neb. 66341. 


Dripless painting v 

The cordless Power Brush Painting 
System evenly lays on a quart of color 
without stops to dip, says the maker. 
Flow adjusts with a button. The $40 
system uses two D cells. Wagner 
Spray Tech Corp., 1770 Fernbrook 
Lane, Minneapolis, Minn. 55447. 


Zip it off 


The three-sided carbide blades of the 
Paint Shaver spin at 10,000 rpm to 
strip old paint from wood clapboards 
and shingles at a rate of more than 
one square foot per minute. In our 
tests the scraper was faster than a 
flat sander, but left the surface 
rougher than with a disc sander, so 
finish sanding would still be re- 
quired. American International In- 
dustries, 100 New Hampshire St., 
Cranston, R.I. 02920. Price: $398. 


<A bit closer 


The cordless 
Model 750 Mo- 
to-Tool’s design 
lets fingers get 
closer to the bit 
for precise work. 
It operates at 
5,000 and 10,000 
rpm and accepts 
collets and bits 
up to "s inch. 
Dremel, 4915 21st 
St., Racine, Wis. 
53406-9989; $30. 


Det. MENTHOL 


Mfr. suggested retail price. 
ixings: 15 mg ‘'tar;’ 1.0 mg nicotine —100's: 15 mg "tar; " 


.1.1 mg ficotine av. per cigarette by FTC method © Philip Morris Inc. 1990 


SURGEON GENERAL'S WARNING: Smoking 
Causes Lung Cancer, Heart Disease, 


Emphysema, And May Complicate Pregnancy. 


S 


8-Oz. Protectant or 
20-Oz. Car Cleaner". 
353995/291518 


Your choice. . 


Complete Dent & Ding 
Kit has filler, hardener, prim- 


er, putty and 
more! s6689 


Power Plus™ Halogen Headlamps deliver whiter, 


brighter light ahead to help you see and be seen! 
Low-Beam. 21299/283028 . - 


Rectangular Migh or Low. 210096/292045 . 


Round High or 


The Club is a highly visible 
anti-auto theft device that 
deters break- 

ins. 27239 


MasterCard) 


Just say “Charge it!” 


5.88 Each 
.6.88 Each 


Car Wax. 16-fl. oz. liquid 
or 14-oz. net wt. paste. 
359083/360057 


Your choice... 5. 


at participating stores! 


Ye-Lb. Bag of Rag 
Super-soft 10096 flee: 


for any chore! 69° 


Washable. 52121 


Concentrated All- 
Purpose Cleaner & 
Degreaser. 

Gallon. wseso . . Wa: 


Spray Gun handles lac- 
quers to heavy latex. Just 
squeeze the 
trigger! 496570 


Car Polish. 14-oz. paste 
needs no buffing to leave a 
great shine! s279 5.99 
16-FI. 


Super Hard Shell” Car 
Wax. 16-fl. oz. liquid, 9.5- 
oz. paste. 

36320528027 . Mn Ea. 


Ya-In. Impact Wrench. 
Remove stubborn lug bolts 
with strength, 

ease! 532044 


30-Ft. Retractable Cord 
Reel. 3 grounded outlets 


for portable 26 99 
power! 365197. . Li 


12-Fl. Oz. Brake or 8-Fl. 
pz power Stesring 

luid. Stock 
99'.. 


Up! 146886/443077 


Nylon Car Cover with 
tight-fit elastic binding. Fits 
most cars. 

20838 ...... D 


For your nearest particii 


ARDWARE, ext. 132. 


4-800-6 H. 


MASTER 
MECHANIC 


23-Pc. SAE or Metric 
Combination Socket 
Set. 5492877295 

Your choice L 


MASTER 
MECHANIC 


r = 
a 


Anti-Freeze & Coolant 
fights corrosi 
round. Stock up 
Gal. nss... 


22-Fl. Oz. Super Flush 
removes radiator rustin one 


easy step! 2. 19 


B ericaing stores vary in i and mera SSS ao 


( 
a oat 
pating True Value, call 


MAST! 
ME 


SHANI e 


T-In. Diagonal Cutting 
Pliers are heavy-duty to 
handle many 1. 9 
jobs! 179838 LI 


MASTER 
MECHANIC 


All-Season Motor Oil in 
your choice of 10W30 or 
10W40 formulas. 

Qt. wow . 


Lubricant 
stops squeaks, loosens 


$m mur... OD 


9 oz. 278564 


change wit noce and may be hern Alaska ze 


HARDWARE STORES 


MASTER 
MECHANIC 


9-In. Random Orbital 
Waxer & Polisher. Hand 


zo 48.98 


motion. 5164768 


— Automatic Transmission 
Fluid. Choose gg c 
or Type FA formu- 


— las. Qt. s87s29/386 


Puncture Seal with 8-i 
hose inflates tire fast! Eas) 
to use! 12-oz. g 
net wt enzs:..... Ma 


i. Prices expire October 14, 1990 


BY MARCELLE M. SOVIERO 


What’s New 
RECREATION 


Bike on a wall A 


Is your bike taking up too much room 
in a narrow hall or garage? This wall- 
mounted hoist might help. The bike is 
raised and lowered by a cord running 
through a geared pulley system; a 
locking cleat takes the weight be- 
tween pulls. The floor, not the ceiling, 
carries the load so there’s no risk of 
crumbling plaster. Ceiling Cycles, 61 
Vere Rd., Brighton BN1 4NQ, England. 


Electronic arrow tracker A 


This electronic tracking system called 
Beacon will guide you to your arrows 
up to 300 yards away. A flashlight- 
size receiver uses a directional anten- 
na to zero in on the signal from a tiny 
radio transmitter inside the arrow 
shaft. Electronic Tracking Systems, 
Box 839, Dundee, Ill. 60118-0839. 
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Clean-air motorboat A 


This catamaran, a joint development 
of Sanyo Electric and Yamaha Motor, 
is powered by amorphous silicon so- 
lar cells. Energy generated by the so- 
lar cells flows to the battery, which 
powers the electric outboard motor. 
Named Amorton Flower, the boat goes 
2.5 mph and runs 8.1 miles when the 
solar battery is fully charged. 


Automatic pool cleaner > 


Tired of cleaning your pool? Let Pool 
Rover, a programmable robot, do it 
instead. Choose from four programs 
covering the floor, walls, steps, and 
corners, or a mix of the four. A pump 
draws in up to 70 gallons of water a 
minute. This suction provides a firm 
grip while rollers scour the surface. 
Aqua Products, 25 Rutgers Ave., Ce- 
dar Grove, N.J. 07009. Price: $1,650. 


*«Front-fork 


protector 


With the high 
price tags on bi- 
cycles these days, 
it's wise to avoid 
damaging them. 
Geoblade, made of 
high-impact plas- 
tic, fits into your 
bike's front-fork 
drop-out slots and 
prevents possible 
damage when the 
front wheel is re- 
moved. Geoblade 
also keeps the bi- 
cycle upright dur- 
ing repairs. Lugo 
U.S.A., Box 30896, 
Tucson, Ariz. 85751- 
0896. Price: $5. 
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When ing your cars | ` 
halogen bulbs, Auto Center — 
risti 


IN, recom i 

- that you don't touch the bulb E 
glass. Oil from your hands can. 

. cause halogen bulbs to explode. — 
$ asd SAY 


K mart car audio. 
Now you can 
always have front- 
row seats to a great 
performance. 


| 


il Z, 
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Rear speakers deliver more 
bass, while front speakers 
accentuate high and mid- 
ranges better. But whatever 
the placement, the place to 
get them is Kmart. 


A) Cobra C20 40-Channe! CB Radio 
With squelch, digital readout and LED. 
K signal strength meter. Instant access to 
h| _ emergency Channel 9 Now 49.1 
jjj LE Jensen JPT1693 6 "x 9" Triaxial 
| Speakers. 75-watt continuous and 
" 140-watt peak-power level. Compact 
disc ready Now 69.! 
C Jensen 1652 64" Coaxial 
Speakers. 61" woofers and 2" dynamic 
hy tweeters handle 40-watt continuous 
and 80-watt peak power. Compact disc 
| ready Now 49. 
hy LD} Jensen JPT 1606 6” Flush-Mount 
yj) Speakers. Fit most6”, 612", and 5%" 
A openings. 34s" mounting depth. 75-watt 
i peak power Now 34.00 
h E| Jensen C$2500 AM/FM Stereo 
jjj Cassette Deck. Includes automatic 
1 program control, seek function and 


18-station preset 


(mmm i 
oo000 
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JENSEN 
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Some of the world’s fastest cars 
have broken the sound barrier. 
And now Kmart makes it easy 
for your car to break the sound 
barrier by offering great car 
audio at prices you can afford. 


[F] Audiovox AMP760CS 40-Watt 
Graphic Equalizer/Amplifier. With 
front and rear fader controls, and dual 
LED power meters Now 24.00 
G| Jensen CS4500 AM/FM Stereo 
Cassette Deck. Auto-reverse capabil- 
ity with seek, fader and automatic 
program control Now 119.00 
H| Sparkomatic SR300 AM/FM Car 
Stereo Cassette Player. Compact unit 
with fast forward, eject switch and 
stereo indicator. . . Now29.97 
1| Pioneer KP220A In-Dash 

AM/FM Cassette Stereo. Auto replay, 
fastforward and rewind. Balance 
controls Now 119.00 
J| Pioneer KE2022 DLX ETR AM/FM 
Stereo Cassette. Electronically 

tuned, 15-station preset and auto 
reverse. 

Includes locking fast forward and 
rewind Now 159.00 
K| Whistier WH225 Radar Detector. 
Low-level signal monitoring with 
sensitivity to pulse signals. X and K 
band monitoring and three-segment 
LED array Now 59.00 
Not available in CT and VA. 
L| Whistler WH750 Deluxe 

Radar Detector. Full-feature design 
including highway/city mode, five- 
segment LED array and advanced 
selectivity system Now 149.00 
Notavailable in CT and VA. 


The quality you need, 
the price you want. 


When your car 
needs some R & R, 
come to K mart. 


Angie Yang of Silver Springs, 
MD, knows what it takes to 
changea flat tire. 1. A flat tire. 
2. Asocket set from the Kmart 
on Connecticut Avenue. 


A] Two-Ton Hydraulic Bottle Jack. 
Designed for multipleuses . Now8. 
Four-Ton Jack . ........ Now 11.97 
SixTon Jack .. ... Now 13.47 
B | Two-Ton Hydraulic Floor Jack. 
Swivel caster for easy positioning. 
Rectangular saddle, Wheels for mobility. 
Model No. 41-14 ...... Now26.! 
C) Three-Ton Jack Stands. 

‘Two ratchet-adjustable jack stands with 
lockingpins ........ Now 17.97 
DJ Six-Gallon Portable Air Tank. 
Features solid brass manifold, pressure 
gauge, and industrial hose. On/off 
switch ............. Now24.97 
E| Campbell Hausefield Two-Horse- 
power Air Compressor. 125 psi. 
Includes blowgun and couplers. UL 
listed .. Everyday low price 298.98 
F | Three-in-One Air Compressor. 
Compact 12-volt compressor inflates 
tires, balls, and mattresses. Includes 
gauge ess. Now 17.00 


Styleand manufacturer may vary. 
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Bench Top tools — “the last set of 
tools you will buy.” Limited warranty, 
details in store. 


8 224-Piece Too! Set with Chest. 
Complete set of 1/4", 3/8" and 1/2". 
standard and metric sockets along with 
screwdrivers and combination 
wrenches. Roll-around chest and 
Cabinet -........... Now 


H| 41-Piece 1/4" & 3/8" Drive Socket 
Set. With fractional and metric sockets. 
Handy around the home, shop or car. 
Save 25% Now 7.47 
1 | Bench Top 106-Piece Too! Set with 
Case. Includes 1/4”, 3/8" and 1/2" drive 
Sockets and combination wrenches. 
Meets or exceeds all federal 
Specifications Now67.47 


J| 22-Piece Socket Set. With metal 
case. Ideal for home, car, or business. 
In fractional and metric sizes. 

Save 25% ... Now5.97 


K| Stack-On Six-Drawer Chest. 

Six large flush-front drawers. Comes in 
two conventional sizes for total storage. 
versatility ....... NowB1. 
Stack-On Three-Drawer Cabinet. 
2634" x 18" x 29" professionally crafted 
cabinet. Includes security lock and 

key è Now 99.00 
Stack-On Three-Drawer Add-On 
Cabinet. Finish front-style drawers with 
large storage capacity .. Now 45.! 
‘Stack-On Hang-On Cabinet. Attaches 
to side to create additional work space. 
Quality construction Now69.00 
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p? Saving Plate 

The quality you need, 

the price you want. 
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| Driving worn-tread tires on 

| wet surfaces can cause hydro- 

| panne A condition when 

| water lifts your car off the road 

\ and reduces steering control. If 
your tires are worn, you'll find 

j^ quality replacement tires at the 
Kmart Auto Center. 


GAS-MATIC 


"| LAJ Monroe-Matic Plus Shocks. 
jj  Gas-charged shock absorbers for many 
US. and import cars. Warranted perfor- 


1 


"|| mance. Installation available in stores 
j| With service. 
\| Carryout ... Now 12.97 ea. 
B | Monroe 5 
Jj shock for light-duty trucks in various 
| sizes, S 
| Nitrogen charging and priming — 9 e 
ij ^ valve. Warranted performance. 
Carryout ...... Wow 21.97 ea. 
C| Monroe Gas-Matic Shocks. The 
| — ultimate riding comfort and control for 
many U.S. and import cars. Installation 
available in stores with service. 
(m| Carryout Wow 16.97 ea. 
| — (D) Monroe Super Struts. Fronts only 
All strut prices are carryout. Instal- 
V — lation available in stores with service. 
lj Parts and service are extra. 
Omni, Horizon 


GM, Xand A Body* 
Mustang, T-Bird 
"Thru 1986, gas struts $20.00 more per pair: 


Name-brand Uniroyal, Tiger Paw and 
Bridgestone radials at everyday low 


E | Tiger Paw All-Season Radial 

Tires, 35,000-mile warranty. 
P155/80R13 whitewall . Now26.97* 
F| Tiger Paw Plus Tires. 55,000-mile 
limited warranty. All-season tread and 
radial-ply construction for solid road 
grip. 
P156/80R13 whitewall . Now36.97* 
G| Tiger Paw ll Tires. 45,000-mile 
warranted steel-belted radials with a 
wide footprint for long mileage. 
P155/8013 whitewall ...Now31.97* 
[H] Bridgestone S402 Tires. Speed 
rated to 112 mph. Steel-belted respon- 
‘sive handling. 55,000-mile warranty. 
P155/80R13 whitewall . Now ^ 


1] Two-Wheel Disc/Drum. 

For many U.S. cars, imports and light 
trucks. Limited 30,000-mile warranty 
available. See details in store. 
Semimetallic pads extra. Additional 
parts and services, which may be 
needed, atextracost ... Now59.97 


3 | Arrestor Plus Muffler. “The last 
muffler you will buy." Provides long-last- 
ing service for most cars and light 
trucks. Muffler prices are carryout in 
stores with service. Installation, clamps, 
and hangers are extra Now 17.' 
Arrestor Muffler” Now 13.97 

-, “Limited 1-year warranty. 

J| Alitires $1.00 more in Florida, 
— Oklahoma and Washington. 


The quality you need, 
the price you want. 


Here's your chance to pick 

upa new set of wheels during 
the Kmart/Texaco/Havoline 
radio-controlled car giveaway. 
One car will be given away in 
each store. There's no purchase 
necessary, so come in to Kmart 
and find out how 

you can win. 


AJ Schumacher 6- and 12-Volt 
Power Booster. Deluxe 
roll-around charger delivers 200 amps 
of starting power. Automatic 

shutoff ick hed. 79.97 
Save every day on Exide batteries at 
Kmart. 


B| Exide Centura 85075-Month 
Battery. Our most powerful battery. 

850 cold-cranking amps and 115- 
minute reserve capacity for many cars 
and tricks Now 59.77* 


C| Exide Centura 650 75-Month 
Battery. 650 cold-cranking amps of 
starting power. For many cars and 
trucks . . .. Now49.77* 
D| Exide Motivator Battery 65. Up to 
550 cranking amps of starting power 
and reserve capacity for many cars and 
trucks. 65-month 

warranty Now39.77* 
Motivator 45 Battery . Now29.97* 


“All batteries "with exchange." $1.50 
more in Florida. 
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EJ Carol Cable Twelve-Foot Booster ! 
Cable. Tough 10-gauge copper tangle- n 
free cable for side or top. hi 
terminals Now8.97 |, 
F| Carol Cable Eight-Foot Booster » 
ww Cable. Heavy-duty 10-gauge tangle- ) 
i proof booster cable for side or top m 
\ terminals eae Now5.97 hi 
A G| Schumacher 10-Amp Battery » 
» Charger. Compact high-rate charger 
A charges 6- and 12-volt car batteries in d 
z three to five hours Now29.97 Jj, 
p 
The quality you need, h 
the price you want. ) 
uU 


Kmart. Your 
most important 
truck accessory. 


Driver Michael Andretti isn't 
lonely at the top because his 
dad, Mario Andretti, keeps 
him compar In Portland, 
OR, the Andrettis won 1st and 
2nd place, respectively, in cars 
sponsored by Kmart. 


A} Ultima Four-Piece “Tacky Back” 
Mat Set. Plush 35-oz. carpet with 
washable non-slip tacky back to keep 
mat in place. Available in blue, brown, 
burgundy, and charcoal .. Now 18.97 


B| Two-Piece Truck Mat Set 
“Tacky back" protects your natural truck 
carpeting: Choice of colors . Now 9.97 


C | Four-Piece Supreme Mat Set. 
Heavy-duty rubber mats. Your choice 
of blue, burgundy, brown, or charcoal 
color Now 12, 

D| Three-Piece Mini Van Mats. 
Carpeted set with "tacky back" adhesive. 
Mat styles available for Ford, pega 
Chrysler. Assorted colors . Now 14.97 


LE] Grand Sport Truck Seat Covers 
Plaid bench seat covers for standard 
andminitrucks ...... Now 22,' 
Western Style . Now 19.97 
F | Sagaz Royal Mouton Sheepskin 
Seat Covers. Luxurious comfort in 
electrified deep-pile 100% natural wool 
front. Bucket seat styles in silver, wine, 
and champagne colors . Now 39.98 ea. 


8 | Saddieman Grand Sport Seat 
Covers. Sporty loop-pile velour. 
Tazlanized olefin provides comfort and 
protection. Selection of colors. Fit most 
bucket seats Now 19.88 


H| Contico Truck Toolbox. Sits 
directly on floor of full-size and mini. 
trucks for increased storage capacity. 
Constructed of maintenance-free 
polyethylene Now 69.97 
1) Truck Bed Mat. Heavy-duty 
custom-fit bed mat fits most trucks and 
protects truck bed Now 39.88 
Tailgate Mat Protector . . Now 14.88 
LJ) Airgate Truck Tailgate Net. 

Fits mini or full-size trucks. Increases 
fuel economy. 

Easy installation Now 17.97 
K | Uniroyal Laredo All-Season Light 
Truck Tires. Original equipment replace- 
ment for pickups, vans, and 4x4s. Wide 
treads and multi-ply design for extra 
strength, 40,000-mile warranty. 
P235/75R15XL-RWL .. Now 79.97" 


Win a Chevrolet Blazer or other exciting 
prizes in the K mart/Uniroyal Tire 
Sweepstakes. See your participating 
Kmart or Uniroyal dealer for details 
and enter today! 


L| Tiger Paw Plus RWL Tires. Original 
equipment replacement for pickups, 
vans, and 4x4s. Provides year-round 
performance. Raised white letters. 
55,000-mile warranty. 

P205/75R14 Now 57.97" 
M| Tarp. Rip-proof polyethylene. 
Waterproof. Popular multi-use sizes for 
cars, boats, and trailers. 

Save 50% Now 3.98-13.48 


"Tires in stores with service only. $1.00 
more in FL, OK and WA, 


The quality you need, 
the price you want. 


hi Tips for a 

` clean driving 
H record. 

| 


| CA] Armor All Protectant 

M Economy 32-02. refill protectant with 
B-oz. wax and 4-02. car wash 

sampler. Now5.97 


[B] Armor Ail Bonus-Size Protectant. 
Beautifies and protects rubber, vinyl, and 
leather. 20 fl. oz Now3.88 


C| Anco Wiper Blade or Refills. Popular 
MA sizes for most cars and light trucks. One 
wiper blade or two refills per pack. 

Your choice Now 2.96 pk 
D Turbo TEK Turbowash Pulsator.” 
With pulsating action for better cleaning. 
Ideal use for cars, vans, and RVs, Includes 
16-02. Soft Suds. Rebate limited to 

Ill manufacturers stipulations. Details in 
store. Kmart Sale Price 15.97 
Less Mfr's Rebate 5.00 
Ii Price After Rebate 10.97 
lij LE] Simple Green All-Purpose Cleaner. 
Cleans home and auto surfaces such as 
wheels, tires, vinyl tops, and plastics. 

m| 2402... Now 3. 

huj 97-Fl- 02. Economy Size Now5.97 


hi F | Amoco Multipurpose ATE Dexron 

| Il/Mercon automatic transmission fluid for 
lj ^ mostcars and light trucks. One qt. fl. oz. 
Limit 12. Now96£ qt 


1 On sale September 23 aer October 6, 1990, 
Mii}  atmostK mart stores across the U.S.A. 


K mart ADVERTISED MERCHANDISE POLICY 


Qut firm intention isto have every advertised tem in 


The quality you need, 
the price you want. 
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Science Newsfront 


By ARTHUR FISHER 


A gem of an idea 


General Electric scientists have 
synthesized a new form of gem-quali- 
ty diamond, shown at right, that has 
unique properties not shared by natu- 
ral diamonds. 

At room temperature, the gems are 
the most efficient conductors of heat 
known—50 percent better than natu- 
ral diamond, the previous champion, 
and 850 percent better than ordinary 
copper wire. Moreover, the crystals 
can resist damage from powerful las- 
ers 10 times better than natural dia- 
mond, thus allowing the passage of 10 
times more light before breaking 
down. 

These properties will prove a boon, 
GE's Walter L. Robb predicts, to three 
of the nation's most important tech- 
nologies: electronics, lasers, and com- 
munications. 

Key to the properties of the new di- 
amond, says Robb, is that normally 
mined diamonds consist of two iso- 
topes of carbon, carbon-12 and car- 
bon-13. The carbon-13 is an impurity 
that retards heat conduction, even 
though it is present only in small con- 
centrations in natural crystals. 

"The secret to the unparalleled 
heat-transfer performance of these 
crystals," says Robb, *is that they con- 
tain almost none of the carbon-13 iso- 
tope that subtracts from natural dia- 
mond's heat-transfer properties." 

The difference is an order of magni- 
tude, nicely corresponding to the or- 
der-of-magnitude improvement in 


A laser beam probes a GE diamond. Inset: Thomas Anthony inspects i polycrystalline diamond sheet. 


performance: The best natural-dia- 
mond heat conductors consist of 99 
percent carbon-12, whereas the new 
GE diamonds have more than a 99.9 
percent concentration of carbon-12. 
All the same, this level of perfor- 
mance came as a welcome surprise to 
the GE researchers. The best avail- 
able theory of thermal conductivity in 
solids had predicted only a fractional 
improvement in heat transmission. 
“It’s as if you went into a high-jump 
competition hoping to beat the world 
record slightly by going a few inches 
over eight feet and came away with a 
high jump of twelve feet,” says Robb. 
The proprietary process GE uses to 
synthesize the gems, which are up to 
one carat in weight, combines two 
previously known techniques. The 


«d 


older and more familiar way to make 
diamonds relies on subjecting carbon 
to enormous pressure—close to a mil- 
lion psi—and temperatures above 
2,500 degrees F. The newer technique 
is a chemical process in which dia- 
mond crystals are formed by vapor 
deposition. 

The two-stage method for produc- 
ing isotopically pure diamonds was 
invented by physicist Thomas R. An- 
thony, materials scientist William F. 
Banholzer, and technical specialist 
James F. Fleischer, all of GE. 

Anthony is shown in the inset pho- 
to holding a sheet of polycrystalline 
diamond that has been enriched with 
carbon-12 by the vapor deposition 
method. The enriched diamond sheets 
next are ground to a powder. The dia- 
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mond powder is then subjected to 
high heat and pressure to be convert- 
ed into gem-quality stones. 

The unique diamonds will be man- 
ufactured and marketed by GE Su- 
perabrasives of Worthington, Ohio. 
Cut into thin slices, the material will 
serve as heat sinks for telecommuni- 
cations systems, computers, and inte- 
grated circuit chips. It should en- 
hance designers’ ability to cram ever 
more devices onto chips and ever 
more chips into tight spaces where ef- 
ficient heat dissipation is vital. And it 
could prove ideal in the fabrication of 
mirrors and windows of high-power 
lasers. 


Space coolers 


The first of many miniature cryogenic 
coolers, or refrigerators, that will fly 
on space missions during the 1990s is 
being tested at the Earth Observation 
and Science Division of British 
Aerospace in Bristol, England. 

Why refrigerators in space? Many 
sensors and other precision scientific 
instruments operate best at cryogen- 
ic, or very low, temperatures because 
at those levels thermal noise is sup- 
pressed, ensuring that faint signals 
are undistorted. 

These Stirling-cycle mechanical 
coolers were developed in technology 
programs at Oxford University and 
the Rutherford and Appleton Labo- 
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ENERGETIC IONS 
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Argonne’s lon Beam Assisted Deposition 
process uses gas atoms to hammer lubri- 
cating ions into ceramic surfaces. 


79 


ratory in England. They have an op- 
erational range between 120 degrees 
and 60 degrees Kelvin (minus 153 
degrees C down to minus 213 degrees 
C). Some have already been sent to 
NASA's Jet Propulsion Laboratory 
and the U.S. Naval Research Labo- 
ratory. They will help support the am- 
bitious U.S. Earth Observation Sys- 
tems as well as a number of future 
European space missions, including 
the Polar Orbiting Platform due to fly 
late in the 1990s. 


Putting atoms in their place 


The emergence of a new generation of 
ceramic engine parts, characterized 
by high strength, light weight, and in- 
creased heat resistance, promises to 
make internal combustion engines 
much lighter and more powerful than 
had been previously thought possible. 
One obstacle, however, has been the 
difficulty in making smooth, easily lu- 
bricated surfaces for such parts. Un- 
lubricated ceramic surfaces in contact 
with other surfaces simply encounter 
too much sliding friction. And many 
lubricating materials will not adhere 
to ceramics by conventional means. 
Now researchers at Argonne Na- 
tional Laboratory in Argonne, Ill., are 
trying out a technique that uses ion 
beams to "nail" thin, slippery coatings 
to ceramic materials. The technique, 
called Ion Beam Assisted Deposition 


UNDERLYING MATERIAL 


(IBAD), uses ions of noble gases as 
“tack hammers” to nail individual 
atoms of the desired coating material 
deep into the ceramic surface. 

The new process combines aspects 
of two earlier techniques, vapor depo- 
sition and ion implantation, each of 
which had drawbacks. 

In vapor deposition, the coating 
material is heated till it vaporizes and 
is then allowed to condense onto the 
surface to be coated. But the method 
commonly led to poor adhesion. 

Ton implantation involves bombard- 
ing a base material with ions (atoms 
that are electrically charged) of the 
coating material so that some of them 
remain embedded in the surface. The 
process requires extremely high volt- 
age levels, and it is hard to obtain 
surface layers more than a few hun- 
dred molecules thick. 

In the IBAD process, shown below, 
both the vapor deposition and the ion 
implantation techniques take place si- 
multaneously inside the same cham- 
ber. One or two heating hearths pro- 
vide precise temperature control in 
generating a vapor that will be de- 
posited as a thin film. (With two 
hearths, two different materials can 
be vaporized and deposited together, 
giving the researcher the ability to 
control the coating's exact composi- 
tion.) The ions that do the hammering 
are made by stripping electrons from 
atoms of argon and neon, sometimes 
combined with nitrogen. These ions 
are accelerated toward the target sur- 
face at energies ranging from 50 volts 
to a few thousand. That compares 
with a level of several million volts 
needed for direct ion implantation. 


The «ase of Vincent's ear 


Vincent van Gogh cut off part of his 
left ear and bestowed it on a prosti- 
tute because he was Looney Tunes, 
right? 

Maybe not. Dr. I. Kaufman Aren- 
berg of the Colorado Neurologic Insti- 
tute and his colleagues believe that 
the diagnosis of epilepsy and insanity 
made by van Gogh's physicians was in 
error. What really made the tortured 
artist's life a misery and led to his sui- 
cide at the age of 37, they conclude, 
was a severe case of Meniere's dis- 
ease, a disorder of the inner ear that 
is fairly common but was often misdi- 
agnosed as epilepsy well into the 20th 
century. And he most probably muti- 
lated himself in a vain attempt to get 
rid of the tinnitus—a sometimes mad- 
dening buzzing or ringing in the ear— 
that is a recurrent symptom of the 
disease, along with severe vertigo and 


26 | POPULARSCIENCE OCTOBER 1990 


WE MAKE 


HOUSE CALLS. 


Introducing our Nationwide In-Home Service program — where 
there's no such thing as a Reliance water heater foo remote for us to service. 

It figures. With 8,000 trained professionals coast to coast plus a 
7-day toll-free number, we're ready to help you no matter where you happen to live— 
on natural gas lines or in propane country. 

How can we offer such a service? Simple. Reliance gas water heaters, 
including our top of the line Sta-Kleen models, are so reliable, we don't expect you'll 
be calling all that often. But if you do, rest assured. We'll either solve your problem 
over the phone or come to your house within 24 hours. Maximum. 


For more information on the Reliance 


In-Home Service program < RELANCE 


WATER HEATER COMPANY MATER CON COMPANY 


LT. 


and Sta-Kleen self-cleaning 


gas water heaters, call —= i 


1-800-365-4054. 


‘©1990 American Gas Association 


Choose one of our gas water heaters and reduce your operating costs. 


Gas heats water for 1/2 the cost of electricity. 


GAS. AMERICA’S BEST ENERGY VALUE. 
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nausea, visual disturbances, and of- 
ten deafness. 

In the Journal of the American 
Medical Association, Arenberg and 
his colleagues write that van Gogh’s 
letters “reveal a man constantly in 
control of his reason, and suffering 
from severe repeated attacks of dis- 
abling vertigo, not a seizure disorder 
„His voluntary admission to the asy- 
lum at St.-Rémy hoping to find help 
for his attacks of vertigo...and his ra- 
tional behavior at the asylum...should 
forever banish the notion that he 
was an epileptic or ‘mad.’” 


Researchers at the IBM T. J. Watson 
Research Center have reported the 
first accurate, real-time computer 
recognition of run-on hand-printed 
characters. In this kind of handwrit- 
ing, the letters can run together, 
touch, and even overlap. The previous 
state of the art was limited to recogni- 
tion of hand-printed characters that 
were spatially separated or confined 
to boxed areas. Recognition of cursive 
script, however, remains a distant 
goal, largely because individuals vary 
so widely in their writing styles. Sam- 
ples of all four types of handwriting 
appear below. 

At about the same time as the IBM 
report, the U. S. Commerce Depart- 
ment’s National Institute of Stan- 
dards and Technology (NIST) an- 
nounced it had compiled a first-of- 
its-kind data base containing more 
than a million hand-printed charac- 
ters. The aim is to help measure the 
performance of systems designed to 
recognize hand-printed numbers and 
letters. 


Where did the big one hit? 


Scientists are still debating whether a 
large body’s collision with Earth 65 
million years ago, at the end of the 
Cretaceous period, was principally re- 


brand seeks evidence of a giant meteor impact. 


sponsible for the mass extinctions of 
life forms that occurred then, But 
over the 10 years since the giant im- 
pact theory was first enunciated, 
much of the scientific community has 
come to agree that a large asteroid or 
comet did indeed crash violently into 
our planet. The view is supported by 
a great deal of physical evidence, in- 
cluding the presence of a worldwide 
layer of material rich in iridium, an 
element rare in Earth’s crust but 
abundant in extraterrestrial bodies 
such as meteors. 

But what might be the most im- 
pressive evidence of all—finding the 
actual site of the impact—has been 
missing. There are many impact crat- 
ers pockmarking Earth's surface, but 
none correspond in age or size to the 
big one sought. Conclusion: The ex- 
traterrestrial body must have landed 
somewhere in the oceans. 


Cursive 


Spaced Discrete Characters 
Run-on discretely written characters 


Aon pt ani dia. 


The first step toward computer recognition of run-on handwriting has been reported by IBM. 


Now two planetary scientists at the 
University of Arizona in Tucson, Alan 
R. Hildebrand (shown in the photo) 
and William V. Boynton, believe they 
have located a possible candidate for 
the 65-million-year-old crater site. It 
lies buried under more than a mile of 
sediment in the Colombian Basin of 
the Caribbean Sea, and at 180 miles 
in diameter is twice the size of any 
impact crater on land. 

They formed this conjecture on the 
basis of widespread geological evi- 
dence, including the finding of *im- 
pact-wave deposits," great heaps of 
coarse rock that have been deposited 
in Mexico, the Caribbean islands, and 
along the U.S. coast from Texas to 
New Jersey. The rock piles are the 
signature of the great three-mile-high 
wall of water that would have radiat- 
ed outward from the impact site, 
carving the sea floor and eroding and 
redepositing sedimentary rock. 

One of the largest such deposits 
Hildebrand and Boynton have discov- 
ered so far, in Cuba, measures 300 
miles in length and up to 500 yards 
thick. It contains fragments of trans- 
ported, fractured rock up to five feet 
in diameter. 

“I think the evidence is now com- 
pelling,” says Hildebrand, “that the 
impact has to be in this part of the 
world.” 


Lightning on Venus 


An analysis of radio signal data 
obtained primarily from the 4,000 or 
so circuits of Venus by the Pioneer 
Orbiter spacecraft between 1979 and 
1990 show that lightning on the 
cloud-shrouded planet, once thought 
to be related to volcanic activity, is 
probably, like most Earth lightning, 
related to electrical activity within 
the clouds. 

NASA researcher Christopher Rus- 
sell compares the radio signals to 
those generated on Earth when light- 
ning strikes. 

“It’s as if you are driving in the 
Midwest and you hear loud static on 
your car radio. Even if you could not 
see a thunderstorm, you’d know it 
was there from the heavy static.” 

Some space scientists disagree with 
Russell’s conclusions, believing it pos- 
sible that Pioneer measured local 
disturbances in Venus’s ionosphere 
instead of lightning. But another 
member of the radio data team, Rob- 
hert Strangeway, says, “The predomi- 
nance of the data suggests that what 
we're seeing on the planet is light- 
ning, though there are events that 
may not be lightning." 
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Onourway 
| to the HDRA/SCORE 
-= Class8 
hampionship | 
| we passed 57942 cacti, 
127391 snakes 
and 47 Sunday Drivers. 


There's no limit to what winners can achieve when they stick together. And when it's 
the winners that make up American Thunder, the off-road truck team sponsored by 
Mobil 1* BFGoodrich T/A* Radials and Chevrolet, we proved you can really stick it to the 
competition. 

During American Thunder championship run, Mobil 1 proved time and A. that 
it provides superior engine protection both on-road and off. BFGoodrich T/A radial truck 


tires were on a roll, too, providing control and performing exceptionally on some of the 
most unpredictable courses in the world. And Team Chevy's specially equipped C/K pickup 
did the rest. With Frank “Scoop” Vessels providing the finesse, guts and perseverance 
needed to take HDRA/SCORE's Class 8 championship. 

So don't pass by your opportunity to ride with the winners, or they just might pass 
you in the process. Ride with Mobil 1, BFGoodrich T/A Radials and Chevrolet and feel the 
power of American Thunder. 


Automotive Newsfront 


By DAN McCOSH Detroit Editor with Dennis Normile in Tokyo, Brian Nadel, and Judith Anne Yeaple 


Navigating in Japan 


Motorists in Japan will no longer be 
able to use the “I got lost” excuse for 
being late, thanks to a spate of new 
car navigation systems. Mazda ap- 
pears to be first to market an elec- 
tronic navigation system as standard 
equipment on its home-market Eunos 
Cosmo sport coupe, while Honda 
announced that its navigation system 
is in the final stages of development. 
The most interesting, though, is a 
new system designed by Pioneer Elec- 
tronics Corp. that is now on sale in 
Japan and can be fitted to any car, 
new or old. 

All three systems rely on digitized 
maps of Japan recorded on read-only- 
memory compact discs (CD-ROM); 
position and direction are shown 
against a highly detailed map that 
scrolls across an instrument-panel 
display. Honda and Mazda chose to 
use CRT monitors, while Pioneer uses 
a color flat-screen liquid-crystal 
display (see photo). 

Both Pioneer and Mazda based 
their systems on the global posi- 
tioning satellite system (GPS), which 
uses a network of satellites put into 
orbit by the U.S. Department of De- 
fense. An antenna mounted on the car 
picks up signals transmitted con- 
tinuously by the satellites. An on- 
board computer calculates the car’s 
position based on the time difference 
between the synchronized signals. 
After correcting for slight variations 
in Earth’s roundness, the system’s 
positioning accuracy is said to be 
within 328 feet. 

Pioneer thinks this level of ac- 
curacy is sufficient to locate the car 
adequately. The problem is that only 
half of the full complement of 24 
satellites are currently in place, so 
the navigation screens only function 
14 hours a day. The complete net- 
work is expected to be fully func- 
tioning next year, barring further 
NASA launch difficulties. 

Developed in cooperation with 
Trimble Navigation Ltd. of the United 
States, the Pioneer system is inte- 
grated into the company’s Carrozzeria 
line of car audio systems. The display 
also shows which compact disc is cur- 
rently playing, and the user can enter 
memos or reminders to be displayed 
on the screen. When the car is parked, 
the display can be used as a television 


if it is connected to the receiver elec- 
tronics. The Pioneer add-on naviga- 
tion system sells for $2,300 in Japan. 

Mazda goes further by supple- 
menting the GPS data with an in- 
ternal dead-reckoning device. The 
navigation computer has an elec- 
tronic compass that, combined with 
speed readings, can independently 
track the vehicle from a starting 
point. Periodically the two positions 
are compared, and any discrepancy is 
resolved. The screen is used to 
operate the car’s climate control, 
audio, and acellular phone. 

The Honda navigation system 
doesn’t rely on satellites for its posi- 
tion. Instead, Honda engineers chose 
to create a navigation system that is 
entirely self-contained and not depen- 
dent on orbiting satellites. It calc- 
ulates position inertially, with a gy- 
roscopelike device that Honda cur- 
iously calls an Electro-Gyrocater. 
It is a gas-flow sensor that 
accurately deter- 
mines the vehi- 


Lost? Just check the instrument-panel display for the car’s position superimposed on a local street map. 


The Phoebus Ill has an ultra-low 0.12- 
coefficient-of-drag 


cle’s direction; its operation is similar 
to the mass airflow sensors that are 
used to measure an engine’s air 
intake. As the car is driven, helium 
emitted from a nozzle inside the 
Electro-Gyrocater passes over two 
heated wires. When the car is travel- 
ing straight ahead, the gas flows 
equally over both wires and their 
temperatures are the same. But, as 
the car turns, the gas flow shifts, cool- 
ing one wire more than the other. The 
temperature difference is continu- 
ously monitored and combined with 
velocity information from the speed- 
ometer to track the car’s position 
from a known starting point. Honda 
claims this arrangement gives an ac- 
cumulated error of only 0.25 
percent over a 312-mile 

trip. 


rating, 
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To boost accuracy, it also uses a 
sophisticated map matching system 
that continuously compares cal- 
culated position with known roads in 
its memory—good if you stay on 
roads known to the computer, but 
useless if you stray onto an un- 
marked dirt road. 


Solar Challenge first peek 


With the Sunrayce solar car extrav- 
aganza [“Sun Racers,” Aug.] a fading 
memory, and the top three finishers 
prepping their vehicles for Novem- 
ber’s World Solar Challenge across 
Australia, we now get our first 
glimpse of what the competition will 
be like. The Phoebus III shown here 
is the product of a joint development 
project by two Japanese industrial gi- 
ants—Hoxan Corp. and Autech Ja- 
pan—and Japan’s Ministry of Inter- 
national Trade and Industry. The car 
appears to be modeled after the 
General Motors Sunraycer, which 
dominated the field in the last trans- 
Australia solar car race in 1987 
(“Chasing Sunraycer Across Aus- 
tralia,” Feb. '88]. With a chassis and 
body made entirely of composites, it 
weighs in at a mere 336 pounds, 
some 60 pounds lighter than Sun- 
raycer. The three-wheeled Phoebus 
III has an ultra-sleek 0.12-coeffi- 
cient-of-drag rating, which allows it 
to achieve a cruising speed of more 
than 62 mph, according to a Hoxan 
representative. The Phoebus's driv- 
ing force is provided by an 11-pound 
brushless direct-current motor rated 
at a mere 2.7 horsepower; energy is 
stored in silver-zinc batteries. 

The Phoebus is powered by the 
world's most efficient 
production 
solar cells, ac- 
cording to Hox- 
an. This could 
be enough of an ad- 
vantage to keep the 
other competitors in its 
shadow on the 1,900-mile 
route from Darwin to Adelaide. 
While most of the competitors 
probably will have to make do with 
commercially available solar cells 
that are, at best, 15 percent efficient 
in converting the sun's rays to elec- 
trical current, Hoxan has covered its 
car with 1,820 cells that are 19.3 per- 
cent efficient. This gain is a result of 
using state-of-the-art microelectronic 
processing techniques and reducing 
the width of electrical connections to 
100 microns, exposing more of the 
electricity-generating silicon surface 
to the sun. 


Three cheers for Chrysler Corp.: When the 
lime came to update its best-selling mini- 
vans, engineers and designers limited 
themselves to fixing what was wrong and 
left the rest alone. 

Because the exterior styling remains fa- 
miliar, there's little chance of confusing the 
new Plymouth Voyager, Dodge Caravan, 
or Chrysler Town & Country 


But every sheet-metal pan- 

el (except for the roof) is new for '91, each 
edge and crease having been softened. In 
fact, 80 percent of the van's major parts 
have been redone, starting with an interior 
refurbishing and working all the way to the 
front suspension hardware. And the stan- 
dard bearer of the minivan class now is 
available with antilock brakes, a heavy-du- 
ty handling package, second-row bucket 
seats, and four-wheel drive. 

The all-wheel-drive system uses a vis- 
cous coupling between the front and rear 
differentials to give full-time, fully automat- 
ed operation. The hardware, from Austria's 
Steyr-Daimler-Puch AG, has been adapted 
to the standard leaf-spring and beam-axle 


SECOND-GENERATION MINIVAN 


with the latest from Japan. PREVIEW DRIVE controls. There's a glove 


rear suspension of the front-drive minivan. 
The AWD system, which is available with 
ABS, adds 300 pounds to the gross 
weight, decreases fuel economy by one 

mpg, and will add $1,800 to the price. 
What owners will most appreciate is the 
interior layout, with a neater instrument 
panel and a badly needed relocation of the 
radio and remote mirror 


compartment in the instru- 
ment panel now, in addition to the under- 
seat storage bin. Safety ranked high on 
customer wish lists, so a center stop lamp 
and rear headrests were added. 

Drivers hankering for more-precise han- 
dling will notice the chassis refinements 
right away. Highway stability is improved 
and cornering is more confident thanks to 
increased front wheel caster, a higher front 
roll center, and reduced bump steer effect; 
and the steering is tighter thanks to a zero- 
lash coupling. The optional heavy-duty 
handling package adds a link-type rear 
sway bar, bringing the Chrysler minis to a 
much-improved level of roadworthiness.— 
Norman S. Mayersohn 


This is not Hoxan's first attempt to 
drive across Australia powered by 
the sun. In 1987, the company's team 
finished 11th overall in the World 
Solar Challenge, the highest-placing 
Japanese entry. 


Natural gas makes a great fuel for 
cars, being inexpensive and clean- 
burning, but drivers have been slow 
converting to it due to limited avail- 
ability. Part of the reason, speculates 
Sam Blundell, sales manager for 
FuelMaker Corp. of British Colum- 
bia, Canada, is that compressed na- 
tural gas has been restricted to fleets 
large enough to make expensive 
refueling stations economically vi- 
able. At present there are about 
30,000 natural-gas-fueled vehicles in 
the United States. Now the company 
is offering the most convenient 
natural-gas refueling system of all: a 
refueling appliance that can be 


installed in the driver's own garage. 

The FuelMaker is a picnic-cooler- 
size unit that draws fuel from the 
natural-gas pipeline connection al- 
ready installed in many homes for 
cooking and heating. To use it, simply 
attach FuelMaker's hose to the ve- 
hicle's refueling connection and start 
the machine. FuelMaker automati- 
cally feeds the gas directly into the 
tank until it reaches 2,900 psi—the 
maximum pressure—then shuts 
itself off. Because utilities' systems 
are designed for appliances that con- 
sume natural gas at a slower rate, 
FuelMaker needs approximately five 
hours to refill the typical car's nat- 
ural-gas tank completely. 

FuelMaker relies on a four-stage 
air-cooled compressor driven by an 
electric motor and monitored by a 
microprocessor-based control system. 
Safety features have been pro- 
grammed into the unit, including an 
automatic shut-off function if it sens- 
es a sudden pressure drop due to a 
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severed hose or disconnected nozzle. 
The microprocessor even compensates 
for the weather. "If it's forty degrees 
below zero outside, the appliance will 
only fill the tank to 1,600 psi," ex- 
plains Blundell. This limitation keeps 
the gas from expanding beyond the 
tank's capability when the temp- 
erature rises. 

At about $3,000 per unit, the Fuel- 
Maker isn't cheap. According to Blun- 
dell, one Canadian utility has already 
announced a $50-per-month rental 
program. 


CNG trucks 


Compressed-natural-gas-powered 
cars are not the only alternate-fueled 
vehicles receiving attention these 
days. General Motors recently an- 


nounced it would build at least 1,000 
CNG-powered GMC Sierra full-size 
pickup trucks for sale to the general 
public. The main selling point for 
these vehicles will be lower emissions 
of reactive hydrocarbons, principle 
contributors to the formation of 
smog. On top of burning fuel more 
completely and sending fewer pol- 
lutants out the tailpipe, natural gas 
does not release any evaporative 
emissions during refueling or in use. 


Methanol hot rod 


Making the most of methanol for a 
production car at first appears 
straightforward and easy [“Clean-Air 
Fuels for the '90s," Jan.]. Even when 
diluted with 15 percent gasoline in a 
fuel called M-85, its high octane level 


There are more than 50 subcompacts cur- 
rently on sale in the United States, but two 
from Isuzu—the Impulse coupe and the 
new Stylus sedan—are the first in this 
class to offer a driver's-side air bag. That's 
not the only distinguishing feature of the 
Stylus, a small car that will try to bite off a 
chunk of the huge (about two million sales 
annually) subcompact car market. 

Isuzu temporarily dropped out of the 
U.S. car market when it discontinued the 
I-Mark model in 1989. The 


lish Isuzu's presence. 
grilleless Stylus has "Ea lines that in- 
clude integrated flush modular headlights. 
At 89 cubic feet, the Stylus is one of the 
roomiest subcompacts we've had an op- 
portunity to test drive. Even Toyota's Cam- 
ry, which is classified as a compact, has 
Slightly less interior space than the Stylus, 
though a larger trunk. When | tested the 
model in the mountains north of Santa Bar- 


STYLISH STYLUS 


Stylus attempts to m: PREVIEW DRIVE pepe engine. The XS also 


bara, Calif., the road-holding ability and ac- 
celeration displayed by the Stylus but- 
tressed my impression that this is not just 
another entry-level car. 

The Stylus S is equipped with a standard 
12-valve single-overhead-cam 1.6-liter en- 
gine that does not appreciably vibrate or 
sound buzzy, even when accelerating up- 
hill at full throttle. The Stylus XS comes 
with a 16-valve twin-cam engine. The four 
extra valves help it produce 130 hp, com- 

pared with the 95 hp of the 


mes with a Lotus-tuned 
suspension "s an even sportier ride than 
the base model. The suspension is an ad- 
mirable compromise for a subcompact car: 
taut enough to minimize body roll around 
corners, yet forgiving of bumps. The five- 
speed gearshift is smooth and precise 
through all ranges. (A three-speed auto- 
matic is an option.) The Stylus S is $9,199 
and the XS is $11,299.—Herbert Shuldiner 
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RUSSELL VON SAVERS 
Sequential twin turbochargers boost Volvo's 2.5- 
liter Methanol Environmental Performance engine 
to nearly 300 hp. 


can lead engine designers to increase 
compression ratio to upward of 12:1 
without the danger of knocking. Now 
Volvo is taking a different approach to 
extracting maximum output from 
methanol fuels—a dual-turbocharged 
in-line six-cylinder engine that meets 
the tough California emissions 
standards scheduled to take effect in 
the year 2007 (“Commanding Cali- 
fornia’s War on Smog,” Sept.]. 

Called MEP, for Methanol Environ- 
mental Performance, the 2.5-liter en- 
gine delivers a startling 272 hp and 
an even more remarkable 295 lb.-ft. of 
torque. A newly designed two-stage 
turbocharging system is the key to 
the power output. With the help of 
110-octane cool-burning M-85, a 10:1 
compression ratio can be used with- 
out the danger of engine-damaging 
detonation. 

As shown in the drawing, the se- 
quential turbo setup uses a small 
primary turbo for quick response, 
joined by a larger turbo as engine 
speed rises. The first turbine has a 
low rotating mass, enabling it to 
deliver boost at engine speeds as low 
as 1,000 rpm. By 1,200 rpm the larger 
secondary turbine spins into action; 
at 2,000 rpm the computer controller 
smoothly opens a bypass valve in the 
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exhaust pipe, sending the exhaust 
gases directly to the secondary tur- 
bine for maximum output. At the 
same time, a spring-loaded valve on 
the air-intake side automatically 
opens to remove the small primary 
turbo from the loop. 

A variation of Volvo's muscular two- 
stage turbo concept is also used on a 
three-liter in-line six that has sep- 
arate low-inertia turbochargers in 
parallel, one for each group of three 
cylinders, Running on 95-octane un- 
leaded gas and breathing through a 
four-valve-per-cylinder head and an 
intercooler, this engine belts out 273 
hp and 295 lb.-ft. of torque. 

On an abandoned airfield near 
Volvo's headquarters in Gothenburg, 
Sweden, a pedal-to-the-metal experi- 
ence with a 760 model fitted with the 
experimental engine revealed no 
throttle lag and a 0-to-100-kilome- 
ters-per-hour (62 mph) time of 7.2 
seconds. Sources say either of these 
two powerhouses could be in pro- 
duction in three years. 


Intelligent shifting 


Theoretically, an electronically con- 
trolled automatic transmission al- 
lows each gearset to be engaged at 
exactly the right moment, optimizing 
shift feel and efficiency. This level of 
precision has led many of the world’s 
auto makers to adopt this technology. 
So it came as something of a surprise 
that General Motors’ new electron- 
ically controlled Hydra-matic 4T60-E 
transaxle retains the principle fea- 
ture of older all-hydraulic designs 
—one-way overrunning clutches con- 


‘automatic transaxle for smoother by 
gear changes 


with the engine management computer and shift 


trolling each gearset. It seems that 
the General Motors engineers are not 
entirely convinced electronics are as 
quick or as smooth as one-way 
clutches in letting go of one gear 
before grabbing the next. The result 
is a design that at first appears 
cumbersome and Byzantine. For the 
typical upshift, a pulse-width mod- 
ulated solenoid engages the higher 
gear as the one-way roller clutch 
releases the lower ratio (see illus- 
tration). The engine management 
computer monitors throttle position, 
vehicle speed, and temperature, and 
decides every 25 milliseconds whether 
a shift is called for. In addition, the 
computer will retard spark timing 
during gear changes, reducing torque 
output to soften the gearshifts. 

There is some penalty in weight 
and bulk, but the system promises 
improved reliability and smoothness, 
according to GM’s Hydra-matic di- 


FRONT STEERING RACK 


A hydraulic cylinder on the 
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vision. The redesigned transmission 
is rated to handle a maximum of 235 
lb.-ft. of torque, which leaves enough 
leeway for using it with GM's new 
3.4-liter quad-cam V6 (see “Detroit 
Shifts the Balance of Power," this 
issue). 


All-wheel drive, all-wheel steer 


Keeping 300 hp under control was the 
goal of Mitsubishi engineers who de- 
veloped the power train for the 
Stealth and Mitsubishi 3000GT sport 
coupes. The power output of the 24- 
valve twin-turbocharged V6 makes it 
one of the few cars that can utilize 
the additional traction of full-time 
four-wheel drive on dry pavement. In 
addition, a four-wheel steering sys- 
tem stabilizes high-speed maneuvers 
for improved handling. 

Neither choice is new, but the sys- 
tem represents some new thinking in 
both arenas. Four-wheel drive is 
achieved through a planetary center 
differential separating the front and 
rear axles. A viscous coupling offers a 
limited-slip feature, which comes into 
play when one axle loses traction. It’s 
a popular design, but because it 
works only after the onset of wheel- 
spin, it can upset the power balance 
between the wheels. Mitsubishi ap- 
proaches the problem by taking the 
rear drive directly from transmission 
output, which turns at three times 
axle speed. The result: a system that 
is more sensitive to the loss of trac- 
tion because less wheel slip is needed 
to activate the viscous coupling. 

A similar approach aimed at sta- 
bility and finesse is taken with the 
car's four-wheel steering system. 
Rather than design a rear-wheel 
steering system from scratch, Mitsu- 
bishi engineers used the company's 
highly effective toe-control link as a 
starting point. On the all-wheel-drive 
Galant GSX and Eclipse GSX, the 
device provides an element of 

passive rear-wheel steering by 
compliantly linking each 
side’s rear cross member to 
the trailing arm [“ANF,” Dec. 
'89]. For active four-wheel- 
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UPPER CONTROL ARM 


ANTI-ROLL BAR 


A redesign of the Town Car’s upper control arm, 
anti-roll bar, and improves the luxury 
car’s ride and 


steer models, a hydraulically ac- 
tuated power cylinder is added to 
control a steering arm connected to 
the toe link. A power-steering pump 
driven by the rear differential is 
used, which makes it possible for the 
pressure to be varied according to the 
car’s speed. 

Starting at 30 mph, the system 
provides progressively more rear- 
wheel steering input to a maximum 
of 1.5 degrees in the direction of the 
front wheels. The real benefit of this 
technology is the reduction in the 
tail-wagging experienced during 
rapid lane changes. The Mitsubishi 
system provides extremely precise 
control over the car, allowing the 
driver to slither through turns at 
high speed. On the negative side, by 
steering all four wheels the car can 
at times feel twitchy and over- 
sensitive, with every slight steering 
input translated into a change in 
direction. 


Controllable limos 


Taken separately, the new front- 
suspension bits and pieces on the 
1991 Lincoln Town Car don’t appear 
especially significant, but together 
they further refine this recently 
updated luxury sedan. The front axle 
gets a new upper control arm, spin- 
dle, and an anti-roll bar to increase 
caster angle and roll control (see 
illustration above). Another benefit of 
the redesign is that technicians can 
now adjust front-end caster and 
camber angles independently. This is 
tied to a new computerized align- 
ment procedure at the factory that 
allows more precise settings. 

All this doesn’t put the big Lincoln 
in the sports car category, but along 
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with new variable-assist power steer- 
ing, the entire setup makes for no- 
ticeably better on-center steering feel 
and slightly quicker turn-in. Even 
more noticeable is the 
solid feel of the new 
standard four-wheel 
disc brakes; new op- 
tions available for 
’91 include antilock 
brakes and a trac- 
tion-control system. 


With some reluc- 
tance, Oldsmobile ac- 
knowledges that few owners of four- 
wheel-drive sport utility vehicles ever 
venture off urban and suburban 
roads. So Olds engineers completely 
redesigned the four-wheel-drive 
system of the Chevrolet Blazer-based 
Bravada, producing a utility vehicle 
more appropriate for the country club 
set than a park ranger. 


Bravada's basic mechanical com- 
ponents are taken from the all-wheel- 
drive Chevrolet Astro minivan parts 
bin: 4.3-liter V6 engine, a full-time 
transfer case that uses a planetary 
center differential to divide torque 
between the front and rear wheels, 
and a viscous coupling to limit slip. 
This allows the system always to be 
engaged, as opposed to the Blazer's 
part-time four-wheel drive. Bravada 
also is one of the few trucks on the 
market that has both four-wheel 
drive and four-wheel antilock brakes. 
Finally, the suspension was retuned 
to give a softer ride. And the Bravada 
does seem to handle washboard roads 
and potholes with far less wheel hop 
and chatter than most hard-case 
sport utilities. The result is a far 
more refined and drivable package 
than most vehicles in this class. This 
is not to say that comfort has been 
achieved at the expense of off-road 
prowess, because we had no trouble 
climbing a rough trail in sand. 


Nissan's sweeping overh; 

line has finally trickled down to the entry 
level: For 1991 the Sentra gets an all-new 
replacement. Designed to vie in the hotly 
contested small-sedan category, the new 
Sentra's shape is conservative, but not un- 
appealing. 

The reborn Sentra comes with a choice 
of 16-valve DOHC fours in 1.6-liter 110-hp 
or two-liter 140-hp trim. Nissan focused de- 
velopment work on giving these engines 
broad powerbands while maintaining good 
fuel economy. The cars we drove both had 
prototype engines installed, 


much closer to the final pro- 

duction configuration. The difference 
showed: The revvy 1.6-liter engine, which 
features variable intake-cam timing and 
develops 108 Ib.-ft. of torque at 4,000 rpm, 
buzzes a fair amount in the higher rpm 
ranges. By contrast, the all-aluminum two- 
liter engine generates silky, energetic 
pulling power throughout the rpm range, 


NEW NISSAN SENTRA 


aul of its model with its 132 


with the larger one being PREVIEW DRIVE cylinders. With a five-speed 


" 5 ad 
lb.-ft. torque peak occurring at 


TRIS 


4,800 rpm. 

Finding power and tractability in an en- 
gine while keeping its appetite for fuel un- 
der control is a subtle business. to 
Nissan engine designer Makoto Yasuda, 
major gains resulted from the development 
of remarkably long large-diameter intake 
runners with tapering interior diameters. 
This intake tract design efficiently boosts 
low- and medium-speed power by keeping 
intake-air velocity high and creating a 
strong resonance effect that helps ram the 

air-fuel mixture into the 


manual transmission, the 
1.6-liter engine earns EPA fuel economy 
estimates of 30 mpg in the city and 39 mpg 
on the highway; the two-liter motor rates 24 
and 32 mpg, respectively. 

Mated to a slick five-speed transmission 
in the SE-R performance version, the big- 
ger engine makes for brisk acceleration 
and effortless cruising —Stuart F. Brown 
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Even if your car isnt ailing now, AC-Delco parts can still help get it started and keep it going. 
Because all AC-Delco replacement parts are designed to meet the performance and reliability standards a car requires, 
So make sure yours receives routine checkups and quality AC-Delco parts. It's just the kind of maintenance 
every car needs to help it live a long and healthy life. For the AC-Delco retailer nearest you, call 1-800-AC-DELCO. 


AC-DELCO EE: IT'S LIKE BUYING TIME. 


By WILLIAM J. HAWKINS with John Free, Robin Nelson, David Scott in London, Dawn Stover, and Judith Anne Yeaple 


PCs come home again 


With introductions from two 
of the biggest computer 
makers—IBM and Tandy— 
we may be on the verge of a 
jump-start for the erstwhile 
era of home computers. 

A “home” computer? 
That's been tried before... 
and failed miserably. Re- 
member the PCjr and Cole- 
co’s Adam? But something is 
different. To aim squarely at 
the home user, both compa- 
nies are playing down tech- 
nology, hyping ease of use. 

All the programs that 
come with these machines 
are ready to run instantly: 
Software on diskettes is al- 
ready programmed to use all 
the computer’s hardware, 
and if you buy a model that 
contains a hard disk, all the 
programs are loaded and 
ready to go. The idea: If you can set 
up a toaster, you can use these “appli- 
ance” computers. 

For example, open the box of IBM’s 
new PS/1, and the instruction manual 
is on top, opened to the page that tells 
you what to do next: Plug the monitor 
into a wall outlet, the system box into 
the monitor, and turn on the power. 
The machine is instantly taken 
over by the built-in-operating sys- 
tem (DOS 4.01) and the User 
Interface Program. There are 
no commands to type or special 
characters to remember to get 
things done. Instead, the dis- 
play shows a graphic quadrant of se- 
lections from which to choose with a 
mouse: 

*"Information" about the system, 
tutorials, and on-line help. 

*“Microsoft Works" containing 
spread sheets, data bases, word pro- 
cessing, and communications. 

**Your software" for choosing pro- 
grams you've added to the computer. 

*"IBM DOS" for menu-driven com- 
mands that use the operating system 
for such things as copying files or for- 
matting disks. 

Pick one of the four areas, click the 
mouse, and the PS/1 becomes a clever 
combination of graphics and on- 
screen easy-to-follow instructions. 
But if you still get confused? 

“Call us,” says Robert Amezcua, 


1 


Screen to screen: Tandy's 1000 RL computer (top) 
and IBM's PS/1 hern x iot ee 
specifically for the elusive “home” market. 


product manager for IBM. He’s not 
kidding. IBM has a toll-free hot line 
for assistance, and once you become 
accustomed to using the computer, 
you can use its built-in modem to get 
general information about the PS/1 
over the Prodigy and Promenade com- 
puter networks. 

While IBM won't tout technology in 
the PS/1 (Amezcua calls it the “T” 
word), it’s a powerful machine, and 
even the basic $999 model includes 
everything you need to get started: a 
10-megahertz 80286 processor, 512 
kilobytes of RAM (expandable to one 
megabyte), a 1.44-megabyte 3.5-inch 


diskette drive, a 12-inch 
VGA monochrome moni- 
tor, a full-size keyboard, a 
mouse, a 2,400-bps mo- 
dem, and software. A high- 
end $1,999 model has a 
color monitor, a 30-mega- 
byte hard drive, and one 
megabyte of memory. And 
a $169 Adapter Card Unit, 
which mounts between the 
console and monitor, is 
available for adding addi- 
tional circuit boards—fax 
or scanner, for example— 
to the system. 

If you’re looking for an 
even less expensive ma- 
chine, Tandy’s 1000 RL 
starts at $750. It includes 
a monochrome CGA moni- 
tor, 512 kilobytes of memo- 
ry (expandable to 768 kilo- 
bytes), a 3.5-inch diskette 
drive, two joy sticks, soft- 
ware, and a mouse. A 16-color CGA 
model with a 20-megabyte hard drive 
is $1,299. While the computer runs any 
PC-compatible software, the 80286- 
based machine concentrates on new, 
truly home-oriented applications. 

For example, the Home Informa- 
tion Center program is an electronic 
bulletin board: Leave and re- 

trieve messages for others in 
the family on the com- 
puter. “It’s designed to 
be on all day,” ex- 
plains Tandy spokes- 
man Ed Juge. “The 
screen blanks out 
and the hard disk 
stops after five minutes of no activi- 
ty.” That saves power (Juge claims 
that when the computer is in standby 
mode it draws only as much current. 
as a clock radio), but it also means 
the computer is available instantly 
for use. Touch a key, and the message 
reappears. 

Also, there’s a Home Organizer pro- 
gram, which is divided into three dif- 
ferent categories: personal, kitchen, 
and financial. Under those areas you 
can organize lists, balance your check- 
book, and plan meals based on recipes 
from an electronic version of The 
Good Housekeeping Cookbook. “It will 
adjust the recipes depending on how 
many guests you're having," claims 
Juge, “and even make up a shopping 
list of ingredients you'll need.” 
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Phony alarms 


Kansas policemen reportedly receive 
several calls a month from cordless 
phones that dial the 911 emergency 
number when their batteries deterio- 
rate. Apparently, the dying phones 
emit spurious signals that include a 
call for help. 


Factoring a number requires finding 
the prime numbers that divide it 
(prime numbers are only evenly divis- 
ible by one and by themselves). For 
example, the number 105 is factored 
into 3x5x7. As the number to be fac- 
tored gets larger, determining its 
prime numbers becomes much more 
difficult. That’s why present digital 
encryption systems, used to code se- 
cretly everything from government 
messages to bank transactions, rely 
on a 155-digit number. Factoring that 
number, called the ninth Fermat, has 
been considered impossible by present 
techniques, making the data it scram- 
bles secure from unauthorized eyes. 
Now, warn researchers Arjen Len- 
stra, from Bellcore, and Mark Man- 
asse, at Digital Equipment Corp., bet- 
ter make that a 200-digit number. 
The two scientists have factored the 
155-digit number using a network of 
almost 1,000 computers that stretched 
through the United States, Europe, 
Australia, and Japan. Using the net- 
work at night, during off hours, it 
took a few months to determine the 
answer: The factors are three num- 
bers that are 7, 49, and 99 digits long. 
Lenstra calculates that if you tried 
doing the same calculations full time, 
on a medium-powered computer per- 
forming one million operations a sec- 
ond, it would take about 275 years. 


Erasable CDs 


Slide a compact disc into an unusual 
player at a Thomson Consumer Elec- 
tronics’ showroom and “CD” appears 
on its green alphanumeric display. 
Put a similar 4.7-inch disc with a 
glossy brown coating into the ma- 
chine and the letters “MOD” appear. 
The MOD—magneto-optical disc— 
lets you record up to five hours of dig- 
ital audio on Thomson's DR 1000. On- 
ly five similar machines exist, but de- 
veloper Deutsche Thomson-Brandt of 
Villingen, West Germany, hopes that 
millions of similar disc recorders will 
appear in homes during the 1990s. 
The DR 1000 is an intriguing gad- 
get. Put an ordinary music CD into 
the machine and you'll hear superb 


audio. Plug a separate CD player into 
the DR 1000 and you can make exact 
disc copies—every digital one or zero 
stored on the originals—onto MODs. 
You can also erase and rerecord 
MODs endlessly. One drawback is 
that your disc recordings won't play 
back on today's CD players. But with 
a few modifications, future CD play- 
ers could play MODs. 

The latest DR 1000 prototype sim- 
plifies recording by using audio sig- 
nals to vary the magnetic field from a 
dime-size coil above the MOD (see 
photo) with the audio signal. A laser 
beam beneath the disc that was for- 


The disc-drive section of Thomson's CD recorder 
captures up to five hours of audio. 


merly modulated with audio now 
heats and erases the magnetic coat- 
ing. The previous technique, pulsing 
the laser with audio, required a sepa- 
rate pass to erase audio tracks. 

Thomson isn’t sure when MOD ma- 
chines will be in stores. “What will 
slow down the introduction of this 
machine are the copyright issues and 
our ability to get other manufactur- 
ers—both hardware and software—on 
board with this system as a stan- 
dard,” says Daniel Collishaw, manag- 
er of audio product development at 
Thomson in Syracuse, N.Y. 


Coming: no-miss VCRs 


It’s galling when you carefully 
program the VCR to record your fa- 
vorite TV show, then return home to 
find that the broadcast ran late. Re- 
sult: The VCR started early—and 
stopped early—so you never find out 
if the butler really did do it. Britain’s 
TV Channel 4 aims to eliminate this 
annoyance by transmitting unseen 


coded teletext signals that would au- 
tomatically start and stop waiting 
VCRs at exactly the right time de- 
spite any change in schedule. The 
system, being tested early next year, 
requires a new generation of VCRs 
incorporating the necessary teletext 
decoder, and Channel 4 is spearhead- 
ing the idea as a means of gaining 
viewers for its own programs. 

Similar schemes are being tried in 
Europe, and in the United States the 
Electronic Industries Association is 
trying to create standards for the va- 
riety of ways information can be sent 
via broadcast or cable systems used in 
the home. Future VCRs could be set 
to record, say, all mysteries—then 
you'll know all the butlers that did it. 


Digital sound at the movies 


Cinema Digital Sound (CDS) is the 
latest in motion picture audio technol- 
ogy. Developed jointly by Eastman 
Kodak Co. in Rochester, N.Y., and Op- 
tical Radiation Corp. in Azusa, Calif., 
CDS is a six-channel digital sound- 
track that provides a dynamic range 
equal to compact discs. And unlike 
the best analog soundtracks, rated at 
30 to 14,500 hertz, CDS has a wider 
frequency range too, from 20 to 
20,000 hertz. 

CDS relies on Kodak’s new sound 
recording film to store digitally the in- 
formation in the optical soundtrack. 
Although theaters need a new sound 
processor, the device mounts on exist- 
ing projectors. Already two New York 
theaters and five Los Angeles thea- 
ters are equipped to play CDS, and 
one movie, Dick Tracy, has the digital 
soundtrack. 

The inventors say the exceptional 
audio should lure people away from 
their VCRs and back to the theaters. 
As one Kodak official explained, 
“What you hear is much more like 
what the creator intended.” 


Dealers take a RISC 


Sun Microsystems is the first desktop 
work station manufacturer to offer a 
RISC-based (Reduced Instruction Set 
Computing) machine through local 
computer dealers. The RISC micro- 
processor design, which accepts only 
a few software instructions, con- 
centrates on speed: The new $9,995 
color work station, called the IPC 
SPARCstation, operates at 15.8 mips 
(millions of instructions per second). 
That's significantly faster than top- 
end personal computers such as Ap- 
ple’s $15,000 Macintosh IIfx (eight 
mips); slightly faster than Intel-based 
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Train the NRI Way— 
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Any Brand of Computer 


Jobs for computer service technicians will 
almost double in the next 10 years according 
to Department of Labor statistics, making 
computer service one of the top 10 growth 
fields in the nation. 
Now you can cash in on this exciting 
apporta rtunity—either as a full-time industry 
ician or in a computer service business 
of your own—once you've mastered 
electronics and computers the NRI way. 
NRI's practical combination of 
"reason-why" theory and hands-on building 
skills starts you with the fundamentals of 
electronics, then guides you um 
sophisticated circuitry 
latest advances in computer technol 
You even learn to program in BASIC and 
machine language, the essential language 
for troubleshooting and repair. 


Get Real-World Skills as You Train 
With a Powerful AT-Compatible 
Micro—Now With 20 Meg Hard Drive! 


‘To give you hands-on training with the 
absolute in state-of-the-art computer 
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how every section of your computer wean’ 


t” keyi 

su] and 1.2 meg, 534" 

supply 2 ong ee 

But that’s not all. 
gout hands-on MES CORE ES 

you install a powerful 20 megabyte 

disk drive—today's most-wanted computer 


floppy disk drive, 1 meg RAM (expandable 
10 4 meg), SAK ROM, a 20 mg hard disk 
* Bundled software 


including 
ts GW-BASIC, SEL 
isheet, and 


peripheral—now included in your course to 
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As you build your computer, 
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troubleshoot, and service today's most 
widely used computer systems. 
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Electronics Newsfront 


personal work stations like Compaq's 
15-mips DeskPro 486/25 that would 
sell, similarly configured, for almost 
$10,000 more. The system includes a 
207-megabyte hard disk and a 16- 
inch color high-resolution monitor 
(1,152 by 900 pixels). While 16 mips 
is about 10 more than the average 
personal computer user ever needs, 
professionals using computers for 
publication layout and graphics de- 
sign should be able to find instant 
work for the speedy, yet relatively in- 
expensive, RISC-based system. 


Heal thyself 


Sometimes, during the manufactur- 
ing of circuit boards, electrical paths 
between integrated circuits become 
too thin, making the connections un- 
reliable. The “near-open” wiring, 
called constrictions, are difficult to 
find and time-consuming to fix. One 
technique is to use pulses of high cur- 
rent to open any constrictions—like 
blowing a fuse—making them easier 
to locate and repair with solder. 

But C. Julian Chen of the IBM T. J. 
Watson Research Center has invented 
a form a electroplating that lets con- 
strictions repair themselves. To do it, 
a carefully controlled AC current is 
passed through the metal path, which 
is placed in a plating solution (see 
drawing). Because a thinner electrical 
path will have greater resistance, any 
constrictions will begin to heat caus- 
ing a deposition process—the con- 
striction is plated with metal that is 
transferred from cooler areas of the 
path in the plating solution. 

The technique repairs multiple con- 
strictions at once and even stops auto- 
matically—once a constriction is plat- 
ed sufficiently, its resistance drops, 
which reduces the heat and stops 
deposition. 


Go-anywhere cellular phone 


Motorola is developing a satellite- 
based system that will allow callers in 
remote areas of the world to commu- 
nicate by telephone. “You will be able 
to dial one number to reach someone, 
even if you don’t know where they are 
on Earth,” declared John F. Mitchell, 
vice chairman of the company, at a re- 
cent news conference. 

Mitchell says the proposed system 
will use “a constellation of seventy- 
seven lightweight satellites in low- 
Earth orbit.” The system is called 
Iridium, after the element iridium, in 
which 77 electrons orbit the atomic 
nucleus. The Iridium satellites will 
travel in polar orbits 413 nautical 


SELF-INDUCED CIRCUIT REPAIR 


An AC current causes depostion on “near-open” 
circuit paths. Repair time: five minutes. 


miles above Earth, low enough to 
transmit signals to phones equipped 
with small antennas. Because of the 
large number of satellites, at least one 
will always be in view. 

Iridium is *really a cellular system 
turned upside-down," says Durrell W. 
Hillis, corporate vice president and 
general manager for satellite commu- 
nications at Motorola. “Each satellite 
projects a set of cells onto the Earth. 


The Earth-based users seem to be sta- 
tionary, while the cells move rapidly 
through space.” 

In the Iridium system (see draw- 
ing), a caller would transmit both his 
phone number and serial number from 
a handset (1) to a “smart” satellite (2) 
capable of relaying the call to another 
satellite (3) orbiting over the caller’s 
service center (4). After the center 
checks the billing information and au- 
thorizes the call, it would beam a re- 
ply via the relay satellite to the origi- 
nal satellite, which would send the 
call to a satellite orbiting over the 
called party (5). The signal would be 
beamed to that party’s handset (6) or 
to an Earth station (7) that would 
send the call through the local phone 
network. 

By the time the Iridium system is 
ready for operation in 1996, most peo- 
ple in the United States and Canada 
will have access to land-based cellular 
service. But the Iridium system, 
which will provide service in remote 
areas, will not compete with cellular 
systems, according to Mitchell. Poten- 
tial users include international busi- 
ness travelers, disaster relief workers, 
and passengers aboard planes and 
ships. 

Motorola, which will manufacture 
the satellites, handsets, and switching 
equipment for Iridium, is willing to 
put up 20 percent of the system’s es- 
timated $2.3 billion cost, Mitchell 
says. The company estimates that 
handsets will be $3,500, and calls 
will cost $1 to $3 per minute. 


ILLUSTRATIONS BY MITCHELL J. ALBALA 
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The Motorola Iridium system uses 77 satellites for worldwide cellular telephone coverage. 
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A Piece of American History. 
The A-2 Leather Flying Jacket is one of the most famous 
pieces of battle gear in history. During World War II, the 
brave pilots of the U.S. Army Air Forces relied on the A-2 for 
protection and comfort. Worn by the daring “Flying Tigers” 
who fought over China in their P-40 Warhawks. And Jimmy 
Doolittle's B-25 bomber squadron that hit Tokyo in a 
daring carrier-launched raid. Lightweight and com- 
fortable yet “tough as nails,” the A-2 identified 
its wearer as one of an elite, brave breed of 
fighting men. 
Genuine Military Issue. 
Not a Commercial Reproduction. 
Cooper Sportswear was an original supplier 
of the A-2’s worn by America's World War II 
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US. Air Force has 
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Not a reproduction— tbis is tbe genuine article! 


Proudly Made in tbe U.S.A. 
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and production methods specified by the U.S. Air Force. 
Premium hand stitched goatskin ensures MADE IN 
ruggedness and great looks. Knitted cuffs and ; 
waist band and a spun cotton-blend lining — 
ensure draft-free comfort. Details include - 
regulation snap-down collar, shoulder — 
epaulets, and roomy snap-close pockets. U. S. A. 
You'll also receive a certificate of authenticity stating that 
yours is the U.S. Air Force A-2. Battle-proven and built for 
long life, the Cooper A-2 actually gets better-looking g 
with age. The actual jacket supplied 


Payable in Convenient Montbly Installments. to the United States Air Force 

The Cooper A-2 Leather Flying Jacket can be yours for just - 3 = 
$249 (plus $7.50 shipping and handling) payable in six Order today. Available in even sizes 34-52 regular and 
convenient monthly installments of $42.75 charged to your long. Call about larger sizes (to 60) available for $50 
credit card. Satisfaction guaranteed. If you are not delighted more. (For best fit, order one size larger than your normal 
with your jacket, simply return it in original condition jacket size.) 
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Home Newsfront _ 


By V. ELAINE GILMORE with Mariette DiChristina, David Peterkofsky, and Judith Anne Yeaple 
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Open (automated) house 


If you read last month's cover story 
you know that in Tokyo the public can 
tour an intelligent house that's a feast 
for the eyes as well as the imagination 
(“Intelligence With Classic Style"]. 
And in the Netherlands, about 35 
miles south of Amsterdam, a house 
that's a test bed for home automation 
and innovative building materials and 
techniques is a must on every tech- 
nophile's itinerary [“Bauhaus With 
Brains"]. 

But what about here? 

Although there is no automated 
display house in North America with 
the prowess of these two, there are a 
couple of houses, one on each coast, 
where you can meet this aspect of the 
future. The diagram above shows the 
automation system of one, Southern 
California Edison Co.'s 1,000-square- 
foot “House of the Future" in Irwin- 
dale. It serves as a model house for a 
development that includes 15 occupied 
houses, automated to varying degrees. 

Stylistically, this white frame house 
would fit in on nearly any block in sub- 
urban America, but it resides within 
a larger building, called the Custom- 
er Technology Application Center. 

Inside, as well, the house looks pret- 
ty conventional—with some subtle ex- 
ceptions. Just inside the door, for ex- 
ample, is the control panel for the 
elaborate security system. It includes 


a minuscule TV screen. From there 
you can play Big Brother by flipping 
on TV cameras all over the house; 
there's one in every room and one at 
the front door. 

Walk into the kitchen and you'll see 
the central computer for the home-au- 
tomation system mounted in a wall. Its 
control panel is a touch-screen CRT. 
From the main menu you simply 
touch the relevant word on the screen: 
To lower the temperature setting, for 
example, you start by touching “Cli- 
mate." 

Also in the kitchen are some sophis- 
ticated appliances, including an elec- 
tric range from Amana that sports 
two halogen burners; these glow a ru- 
by red the moment you turn them on 
[*Cooking With Halogen," May '89]. 
More to the point, the range and other 
appliances have been specially mod- 
ified for control by the central comput- 
er, which can see to it that the self- 
cleaning oven works only at night 
when electric rates are lowest. Like- 
wise, the refrigerator can be in- 
structed to make ice and the dish- 
washer to do its work when bargain 
electric rates are available. 

How does the system know when 
electricity is cheapest? “The informa- 
tion comes through NetComm, a radio 
link between Edison and its custom- 
ers,” explains Joseph Kelly, senior re- 
search scientist at Edison. “Little ra- 
dio transceivers are placed atop street 
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Dedicated wiring carries control signals from the 
central computer to appliances in Southern Cali- 
fornia Edison’s House of the Future. 


lights about five miles apart. Edison 
transmits the current electric rate to 
the customer's electronic meter via 
the NetComm radio link." Communi- 
cation signals between the meter and 
the home's central computer travel 
over a dedicated line. 

Edison's goal is to even out the load 
on its generators—shaving the peaks 
and filling in the valleys—by selling 
electricity for less when loads are 
light. Perhaps the major weapon in 
the load-leveling war shown in Edi- 
son's House of the Future is a ther- 
mal-storage heat pump: It heats or 
cools water at night when rates are 
lowest, then circulates the water 
through a fan-coil the following day to 
heat or cool the house. 

If you'd like to know the hours and 
location of Southern California Edi- 
son's House of the Future, write to 
CTA Center, 6090 N. Irwindale Ave., 
Irwindale, Calif. 91702. 

Meanwhile, in the city of brotherly 
love, an outfit called the Philadelphia 
Home & Design Centre has built a 
show house that includes a home-au- 
tomation system named PAL (for Per- 
sonally Automated Lifestyles). PAL is 
a joint project of Square D, Bell At- 
lantic, and Teletimer, which have an- 
nounced that the system will conform 
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NOW, YOUR OWN <fegc& 


Aerobic Trainer only 


3305 a month! 


* Convenient — never miss 
another workout 


© Motivating program 
readouts — shows total 


* Virtually identical to the health 
club model 


* Use while watching TV or reading 


* 3 programs— 12 levels — over 
1 million rides 


© Unparalleled 3-year warranty* 


Big nu * Computerized variable resistance 
© Exclusive Hill Profile interval . peregi for use anywhere, 
training works FAST y to move 
SPECIAL FREE OFFER—SAVE $130 


Order now and get FREE air shipping. Call 
800-877-3867 Dept. 620. You must mention this 
magazine to receive this FREE shipping and 
handling offer worth $130. 


REMEMBER, YOU MUST 
ORDER BY NOVEMBER 30, 1990 
TO GET THE SPECIAL SAVINGS! 


*A copy of the Lifecycle 3-year limited warranty will be shipped 
with the Lifecycle? trainer, or a free copy can be obtained by writing 

Lifecycle Consumer Warranty," Life Fitness, Inc., 9601 Jeronimo Road. 
Irvine, CA 92718. No down payment, 0% APR, $39.05/mo. for 40. 
mos. = $1598 (U.S), plus sales tax for CA and IL residents only 
Financing and FREE shipping and handling in U.S. only. Offer subject 
to credit approval and ends November 30, 1990. 


T CALL TOLL-FREE 
800-877-3867 / 
Dept. 620toorder — ^ 


or for the name y 
of a convenient 


LP 
unconditional 
. ° 
no-risk trial 

Now you can own a genuine 
Lifecycle® aerobic trainer for only 
$39.95 a month with no-cost financing 
—0% APR— and no down payment* 

If you've worked out in a health 
club, you've probably used the 
Lifecycle? aerobic trainer. It's the 
most popular piece of club equip- 
ment because it's fun, motivating 
and it works — FAST! 

A recent 12 week study 
found that only 12 minutes, 

3 times a week on the 
exclusive Lifecycle® Hill 
Profile program provided 
more significant aerobic 
improvement than a 24 
minute ride, 3 times a 

week on an ordinary exer- 
cise bike—with the same 
amount of work! Thats why 
thousands of busy people are successfully 
using their own Lifecycle® trainers to 
LOOK BETTER, FEEL BETTER AND LIVE 
LONGER! 

NO-RISK TRIAL—Use it in your home 
for a full 30 days. If you aren't satisfied 
for any reason, we'll pick it up at our 
expense and give you a full refund 
or credit. 


©1990 Life Fitness, Inc.All rights reserved. Lifecycle is a registered. 
trademark of Life Fitness, Inc., A Bally Company. 8086 (7/90) 


Establish 
Credit? 


Our Bank Can Help Even If You 
Had Previous Credit Problems! 


Call 1-800-368-8500 ... 24 Hours Any Day for 
your FREE VISA’ or MasterCard. application. 


Easier credit approval is possible because you open an 
interest bearing savings account with our bank as initial 
collateral for your card. A minimum savings account 
deposit of $500 is required. 
Enjoy the privileges of a credit card for: 
*Shopping ¢ Mail Orders € Dining + Entertainment 
+ Airline Tickets * Hotel Rooms + Auto Rentals 


AND 


Worldwide access to ATM Cash Machines! 


Call anytime TODAY for your FREE application. 


Key Federal Savings Bank 


FDIC Insured 


Hovre de Grace, Maryland 


Practice wheel & rim safety, 
and we'll give you this solid 
bronze belt buckle. 


Avoid needless accidents! Ask 
for the wheel & rim safety train- 
ing kit provided jointly by The 
Goodyear Tire & Rubber Com- 
pany and Motor Wheel Corpora- 
tion. Post the charts in your 
garage. Train your service people 
in proper procedures. And we'll 
send you a free Think Safety belt 
buckle. 

Write Wheel/Rim Safety Dept.. 
1116 N. Washington, Lansing, 
MI 48906-4841 


A safety education program 
sponsored jointly by 


GOOD*YEAR 
and 
MOTORE WHEEL 
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The ALL NEW 1990 Lindal Plan- 
book is the largest ever offered! And 
it’s all you need to make your custom 
home a cut above in every detail. Cus- 
tom plans, design tips, planning grids 
and over 500 color photographs for 
just $15.00! And get the video for just 
$19.95 more. Write, or call toll free and 
use MasterCard or Visa. 
1-800-426-0536 


ALindal Cedar Homes 


PO. Box 24426, Dept. AZO, Seattle, WA 98124. (206) 725-0900. 
10880 Dyke Road, Dept. AZO, Surrey, B.C., Canada V3V 7P4. 


Home Newsfront 


to the Electronic Industries Associa- 
tion's home-automation standards 
when they become a fact [“The Inte- 
grated, Automated, Educated House,” 
June]. The house, a 3,970-square-foot 
red-brick mansion, was built by A. P. 
Orleans, Inc., and is called the Or- 
leans Idea Home. 

Like the home-automation system 
in the California house, the PAL sys- 
tem is built around a central comput- 
er that has a touch-screen CRT as its 
people interface. 

Audio tapes in every room explain 
how the PAL system works, and host- 
ess Marilyn Swartz shows visitors 
some of the tricks it can do: Open and 
close the drapes and a skylight, start 
the fireplace and shut it down, and 
change the lighting scheme, all ac- 
cording to programmed schedules. 

The PAL computer also controls a 
security system. In the dining room 
Swartz cautiously opens a window. In- 
stantly a voice blares from a speaker: 
"There is an intruder in the dining 
room area." Unperturbed, she goes to 
the screen, calls up a floor plan of the 
house, and disarms the system. 

From the screen she calls up the im- 
age of a thermometer. By moving her 
finger up and down the scale she can 
change the temperature setting for a 
room. In another mode, she calls up 
recipes from the computer's memory 
and points out that the items listed in 
red are out of stock. 

Be forewarned though: The over- 
riding idea behind the Orleans Idea 
Home is to get you to visit the shops in 
an adjacent mall and buy some of the 
furniture, housewares, and other 
goodies you've seen displayed in it. 
That doesn't include the PAL system 
yet, however. It is expected to be on 
the market in late 1991. 

A phone call to 215-281-9171 will 
get you more information. A modest 
admission to the house is charged. 


Clear as crystal 


A new copolymer coating does for 
windows essentially what Teflon does 
for pans. Made by Ritec International 
Ltd. of London, the transparent Clear- 
Shield coating chemically bonds to 
glass to help keep it free of dirt and 
reduce surface degradation. 

Metallic and highly alkaline sodi- 
um salts—from hard water, concrete- 
building runoff, and high humidity 
— react with the silicon and oxygen 
atoms on the surface of glass, causing 
weathering. But Clear-Shield bonds 
with the silicon-oxygen atoms, form- 
ing a protective hydrophobic coating. 

When sprayed on, Clear-Shield dries 


| You'll expe 


FREE.. 


For about one penny's worth of Tufoil, 


Here's how ! 


Buy one quart of Tufoil at $38.95 
and use 4 ounces at each oil 
change (that's 8 oil changes at 
$4.87 each). Based on an oil 
change every 4,000 miles, your 
cost breaks down to about one 
penny every 10 miles! 


Consider the increase in gas 
mileage and the Tufoil is virtually 
FREE! So why leave it to chance 
that your car will run smoothly? 
Make sure it willl You'll feel the 
car accelerate better and start 
easier. 


nce 10 miles of better d 


. Products based on TUFOIL technology. Check 


one with each order of 2 bottles or a quart. Check 2 for each 


gallon order. 


O TUFOIL Gun-Coat—Super rust inhibited, smooth action 
O TUFOIL Compu-Lube — Low viscosity for computer 


mechanisms 


O TUFOIL Lightning Grease — Easily sheared grease for, 


O TUFOIL Lubit 8 — General purpose, household use | 


lubricant 
FREE brochure. . . 
O 30 Questions/Answers about TUFOIL 


FLUONCjs reg. T.M. of ICI Americas inc. 
TEFLON®is reg. T.M. of DuPont" 
TUFOIL Cis reg. T.M. of Fluoramics 
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I'm sure you'll agree too, that it 
makes good sense to re-treat 
'our engine at every oil change. 
ts your peace of mind and as- 
surance that your engine is con- 
sistently treated, no matter how 
many miles you put on it. 


Tufoil has been tested and 
proven in independent labs and 
universities worldwide and is 
presently manufactured under 
the protection of 6 U.S. patents. 
That's your assurance that Tufoil 
is an original product, not a 
replica of another! 


ice my TUFOIL order: 


O ONE 8 oz. bottle. . .treat one car for 
$14.25 (plus $3.50 shipping and 
handling). See money back 


O TWO 8 oz. bottles. . .treat two cars 
for $25.00 (plus $4.00 shipping 
and handling) SAVE $6.00 


O ONE Quart bottle...treat 4 cars 
for $34.95 (plus $4.00 shipping 
and handling) 

O ONE GALLON. . .treat 16 cars for 

- $125.00 (plus $6.00 shipping and 
handling.) 


We ship within days! 
MONEY BACK GUARANTEE ON 8-0Z. 
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erformance 


r The Transistor of Lubrical 
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ORDER TODAY 


1-800-922-0075 B 


Fluoramics, Inc. »5:0» 
18 Industrial Avenue 
Mahwah, NJ 07430 
My check or money order for $. 
Charge my credit card: 
D Am. Express 
Card No. 
Exp. Date 
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is enclosed. 


C Master Card C Visa 


UPS Shipping Address 
ee i 
Address 
City. 
State. 
(NJ. residents please 


Zip. 
add 7% sales tax). 
Canadian Distributor: 1-800-363-7753 


Home Newsfront 


in 15 minutes to a coating less than | architecture, bestowed on Ritec the 
one micron thick. But it isn’t a job for | Prince of Wales Award for Industrial 
homeowners: The glass must be chem- | Innovation and Production in 1987. 
ically clean for the coating to adhere Clear-Shield costs about $2 to $4 
properly. “Windex, water, and ammo- | (applied) per square foot of existing 
nia won't do the trick,” says Harry Ze- | glass and runs about 50 to 75 cents 
gers of Zegers Inc., the U.S. distribut- | per square foot for new glass. Resi- 
or. Theglass also needs periodic clean- | dential application services have been 
ing with solutions made by Ritec. opened in Minneapolis and Atlanta. 

In Holland, the House of the Future | "Within three years, such services will 
uses Clear-Shield for its expanses of | be available nationwide," says Zegers. 
glass [Bauhaus With Brains," Sept.]. | Zegers Inc., 1700 McCoba Dr., Smyr- 
And Prince Charles, that foe of “bad” | na, Ga. 30080. 


See the complete 
assortment of ARROW 
fastening tools, staples, 
fasteners, glue stix and 
rivets, available at all 
leading Hardware, Home 
Center, and Discount 
Department Stores. 


In U.S.A.: Arrow Fastener Company, Inc., 271 Mayhill Street, Saddle Brook, N.J.07662 
In Canada: Jardel Distributors, Inc., 6505 Metropolitan Blvd. East, Montreal H1P 1X9 Quebec 
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Concrete counter tops 


That's right. Concrete. A California 
architect blends different aggregates 
with cement to make a concrete for 
counters that overcomes the draw- 
backs of the standard mix: weight and 
workability. 

"Aesthetically, Syndecrete is a cross 
between limestone and honed gran- 
ite," says David Hertz, who became in- 
terested in concrete after a summer 
construction job. "Unlike synthetic 


TUNG OIL MOVES 
OUTDOORS 


It's no secret in the finishing industry that 
when it comes to hardness, durability, 
and water-resistance, tung oil has al- 
ways been the king of oils. So it only 
seems natural that tung oil would be the 
cornerstone of all exterior oil finishes. 

Surprise! The first penetrating exterior 
finish based largely on tung oil is Hope's 
Exterior Tung Oil Finish, and it just ap- 
peared on the market last year. 

What took so long? According to Hope's 
John H. Finnegan, there were several 
problems to solve. Like linseed oil and 
other penetrating oils, tung oil is suscep- 
lible to mildew. Like other unpigmented 
finishes, it's vulnerable to ultraviolet light 
when used outdoors. At about $50 a gal- 
lon, tung oil also is too expensive to use 
straight. But diluting it with organic sol- 
vents runs into a new problem: environ- 
mental regulations that limit the quantity 
of volatile organic compounds a coating 
can contain [“Clean-Air Paints," Aug.]. 
These enter the air when solvents evap- 
orate during and after application. 

Hope solved all these problems with a 
formula that contains UV absorbers, mil- 
dewcides, and micronized wax to in- 
crease water repellency, and it uses wa- 
ter and ammonia as the solvents. Also, it 
uses some linseed oil, which is cheaper, 
to reduce the cost. Total solids content 
(what's left behind on your wood after the 
solvents evaporate) is about 25 percent, 
high for a clear exterior finish. 

The result is a penetrating finish that 
protects wood against weather and UV- 
caused graying. It won't crack, chip, or 
peel. It's nonflammable, complies with 
existing air-pollution regulations, and 
washes off your brushes and rollers with 
soap and water. 

In my tests, it brushed on easily, dark- 
ening the wood and accentuating the 
grain as you'd expect any oil finish to do. 

According to Finnegan, your first two- 
coat application should last about a year 
before it needs recoating. After that, you 
can expect to go two years (maybe less 
in the South) until you need to recoat to 
prevent the wood from graying. 

The suggested price for Hope's Exteri- 
or Tung Oil Finish is $24 per gallon, but 
discounts to as low as $14 are some- 
times available.—A. J. Hand 


America’s favorite pastime has pro- 
duced one of America’s most enduring 
collectibles: the baseball card. Today, seri- 
ous collectors pay as much as $6,000 to 
acquire original Topps® cards. 

The Hamilton Collection is proud to 
present Baseball's Dream Team, an 
exclusive collection of twelve porcelain 
baseball cards commemorating some of 
baseball's legendary greats. Each issue 
presents an exact replication of an origi- 
nal Topps® card. From Willie Mays, to 
Mickey Mantle, these are the most valu- 
able of all Topps? baseball cards. 

Each Baseball 
presented on the world's thinnest porce- 


Dream Team card is 


litional charge 


jal size (27 k 24") | 


lain, cut to the exact size of the original 
card. A handsome ash wood base, crafted 
in the shape of home plate, accompanies 
each card. And the entire collection can be 
displayed in the custom designed wooden 
rack, included with your collection. 

As a subscriber to Baseball's Dream 
Team, you will receive two cards every 
other month at a price of just $19.50 per 
card. Baseball's Dream Team is available 
exclusively from The Hamilton Collection. 
You are fully protected by our 100% Buy 
Back Guarantee—you may return any 
card within 30 days of receipt, for a prompt 
replacement or full refund. Return your 
reservation today. 


| 
included at) 


shown smaller thari 


CO Authentic Baseball Cards 
reproduced on porcelain 


Card shown actual size 


p 
Manufactured by R B N China Co, Ine 


61990 Curtis Mg. Group. ndionapots, IN 


©1990 HC. All Rights Reserved. 


| Respond by: October 31, 1990 E] 


Please accept my reservation for Baseball's 
Dream Team. | will receive two porcelain cards 
every other month, payable at the rate of one 
card per month. The guaranteed issue price is 
$19.50 (plus $1.50 shipping and handling per 
card). | may cancel this subscription at any time. 
I need send no money now. | will be billed for 
my first card prior to shipment. OZM1 QE DA 


Ms. D] mrs. O mr. O 
Address 


City 


State Zip 
Telephone No. ( — — —J. 


| —————— 
*CA, FL, and IL residents will be charged 
appropriate state sales tax. All reservations 
must be signed and are subject to acceptance. 


The Hamilton Collection 


A California architect hes invented a new-recipe concrete, which he cass Ito cestom counter tops, 
showers, floor tiles, furniture, and more. It is available in more than 100 hues. 


counter-top materials, it retains a nat- 
ural quality. Every piece has a unique 
character.” 

At 75 pounds per cubic foot, Synde- 
crete is half the weight of regular con- 
crete and far lighter than granite or 
marble. “And unlike stone or regular 


concrete, you can shape or route Syn- 
decrete with standard carbide-tipped 
woodworking tools,” claims Hertz. 
Rather than the usual coarse sand 
or rock aggregate, Syndecrete con- 
tains porous volcanic rock, such as 
pumice, vermiculite, or basalt. In ad- 


dition, wood or marble chips, brass 
shavings, or crushed glass can be add- 
ed to change the appearance. Finally, 
polypropylene fibers are added to the 
batch for reinforcement. 

Because it is cast and not made in 
sheets, a Syndecrete counter has no 
seams. “We pour it like you’d pour a 
sidewalk,” says Hertz. After curing, it 
is sanded and coated with a water- 
based sealer. Last, a liquid acrylic wax 
is applied. “The wax makes the sur- 
face resistant to oil penetration, water 
absorption, and stains from food,” 
says Hertz. 

The resulting counter is as rugged 
as, well, concrete. “You can put a hot 
pot on it and it won't scorch or melt,” 
says Hertz. But some abuse, like 
splatters of hot oil, can mar the wax. 
“You can fix that by sanding and reap- 
plying the wax,” he says. “We give a 
bottle to every customer.” 

Prices range from $50 to $60 per 
square foot for installation of a two- 
inch-thick counter. Tables, chairs, 
floor and bathroom tiles, showers, 
sinks, and tubs cast with Syndecrete 
are also available. Syndesis Studio, 
2908 Colorado Ave., Santa Monica, 
Calif. 90404. 


“Cambridge SoundWorks May Have 
The Best Value InTheWorld. AWinner” 


David Clark, Audio Magazine, Sept. '89 


Unlike seemingly 
similar satellite. 
Systems which use 


ed 


uses two separate, 
compact bass units. 


Thy fit more 


Henry Kloss, creator of the pretest oy ei The compact living 
pores odd woofer units produce the bass that à 
Research), "60s (KLH), large speakers. Place them behind fur- 
and '70s (Advent), brings niture, on bookshelves or under a couch. 
porcos ‘The small satellites blend into any decor. 
temor tie 90s, avedabe The result: a full range, musi 
only factory direct, Tate speaker system without big boxes. 
oe bay et MEE, ‘Try Ensemble in your home 
a i provides once reser- risk-free for 30 N 
mimp maea ap mesi i por EN 
dio experts. So you can: RIDGE SO! RKS 
Ensemble costs hundreds less than it would in stores. Ensamble the righe way- inyo home r30 days, | Sue 1260, 154 Califomia St., Newton, MA 02158 
salesman hovering nearby. CI Send more information on all products. 
, Your eee itis che value on today's speaker market. Forlitera- (send Ensemble (adcaminate wookss) $509 | 
not against it. ture, expert advice, or to order, call 1-800-252-4434 — | Ci Send Ensemble (vir dad woofers) $499" | 
No mate how wela speaker proms athome — 9 AMto Midnight, (ET), seven daysa week. Tm paying by Check OMC C Visa O AmEx 
Lodo ete eens noch Canada 1-800-525-4434 Fax: 617-332-9229. pe qa Be: | 
or vice-versa, Ensemble consists offourunits: (WO epams dAdo egare © Be anak Conan | sgaure | 
d A Name. 

Address. | 
| as. Sar Zp | 
| Phone (Area Code). Number —— | 

MA residens add 53 les ox x | 
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With vinyl dad utility bass units. $599 with fumiture 
| [o ed AS Delve me 


Radar Warning Breakthrough 


Digital Signal Processing (DSP) allows the new ESCORT to warn 
you of traffic radar much sooner than previously possible 


Wren we introduced the original ESCORT, its 
superheterodyne design revolutionized radar 
detector performance. Now our all-new ESCORT 
will revolutionize radar warning again. 

Its secret? Digital Signal Processing (DSP), 
an incredible new computer technology. 

DSP Technology 

DSP is used by NASA to create detailed 
space photos from blurry images. It's used by 
military radar to distinguish enemy aircraft. And 
now we're using DSP to find radar signals too 
weak to be detected by conventional means. 

How It works 

The new ESCORT's DSP circuitry samples 
incoming radar signals 50,000 times a second, 
slicing them into discrete bits of information. 
This information is digitized and continuously 
analyzed by a built-in signal recognition com- 
puter. The end result is remarkable. 

Breakthrough performance 

ESCORT's advanced signal processing pro- 
vides an incredible increase in sensitivity. Quite 
simply,this means thatthe new ESCORT picks 
up radar signals further away than was ever 
before possible, even distant instant-on radar. 


The heart of ESCORT's 
DSP circuitry is a custom 
version of the Motorola. 
DSP 56000. This 20 MHz 
24 bit parallel HCMOS 
processor is capable of 
10.25 milion instructions 
per second, and is also 
used in Steve Jobs’ new 
$10,000 NeXT computer. 


ESCORT1 20MHz 
© CMI 1989 


yesasn 


ALSO AVAILABLE 


PASSPORT 
now $195 
“The industry standard” 


BMW Roundel 
* Top-rated in five major radar 
detector tests 


* Compact 
as small as a cassette tape 


* Comes complete with accessories 


* Tbe new Escort packs 
ultimate sensitivity into a 
small package. 

Nothing else even comes 
close, and no wonder... 

No analog device can bope 
to match this performance.” 


BMW Roundel, December 1989 


Intultive warning system 

This additional range would be of little use 
without a clear, informative warning system. But 
ESCORT gives you the full report on radar. 

Upon radar contact, ESCORT's alert lamp 
glows and its variable-pulse audio begins a 
slow warning. Simultaneously a bar graph of 
Hewlett-Packard LEDs shows radar proximity. 

The moment of truth 

As you get closer, the bar graph lengthens 
andthe audio pulse quickens. You'll understand 
ESCORT the first time you use it. 

Advanced City/Highway circuitry lets you 
optimize ESCORT for either driving environment. 
There's also a Dark mode for more discreet 
operation, a fully adjustable volume control, and 
anew “AutoMute” that automatically decreases 


the volume after the initial alert. 


Over one million drivers depend 
on PASSPORT 
* Full 30 day money-back guarantee 


* Just call toll-free to order— 
1-800-543-1608 


No compromise design 

We've spared no expense in making ESCORT 
the best equipped radar detector ever. The 
precise electronics are secured in a heat-treated 
aluminum housing, finished in non-glare black. 
There's a new electronic anti-theft system. And 
a complete array of accessories. 

For installation, ESCORT comes with both a 
visor clip and patented adjustable windshield 
mount. For power connection, we supply both 
coiled and straight power cords. 


OO ESCORT 


The new ESCORT is only 7/8" high and 3 1/4" wide. 


Test-drive ESCORT at no risk 
We sell direct from our factory to you, and we 
guarantee your satisfaction. For more informa- 
tion, or to place an order, just call us toll-free. 
After you receive ESCORT, if you're not com- 
pletely satisfied within 30 days, just return it. 
We'll refund all your money and your return 
shipping costs. There are no hidden charges. 
With new ESCORT, we've revolutionized 
radar detection again. But don't take our word 
for it. Order today and see for yourself. 


Order today and try ESCORT 
for 30 days at no risk 


Call toll-free 1-800-543-1608 


Call 24 hours, 7 days a week 


RADAR WARNING RECEIVER 
LL 


$295 onio residents add $16.23 soles tax 
Prices slightly higher in Canada 


Cincinnati Microwave 
> Department 201600 
One Microwave Plaza 


Cincinnati, Ohio 45249 ©1990 CMI 
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by organizing vital everyday information and placing it at 
your fingertips. It's so easy— just point and click and you're on 


your way! Create investment plans and keep track of credit and 


^ bank accounts. Keep a detailed inventory of your personal Balance your checkbook, plan 


trips, schedule activities 


llectib 


possessions or organize your collectibles. Create vacation or business trip itineraries, along with a list of 
things to pack. Keep a journal of your ideas. Even organize your tools for home projects! The 
possibilities are endless—but whatever the pe ; Wade [Rages task, the 1000 RUs DeskMate® Home 
Organizer software handles the details for | | you. And because the Tandy 1000 RL is 
PC-compatible, you can also use thousands : of popular business, home education 
and entertainment programs. Ready-to-run systems start at under $750* So bring home the easiest-to-use 


personal computer ever . . . from America's leader in PC compatibles. 


CREATING NEW STANDARDS: SUCCESS GUARANTEED! Radie Shack 
The Tandy 1000 RL personal computer has 24 DeskMate and DeskMate Home 

Organizer applications built in. All are specially designed to insure that you can readily MERIC. A'S 

use them. If you need help, our personnel have been specially trained, our stores have 

anew phone help system and we've organized area tutoring sessions. You can even TECHNOLOG y 
equip your RL with a modem for help on the PC-Link online service. Come in today! We i 
guarantee success. NOBODY COMPARES! STORE 


“Tandy 1000 RL (25-1450) with monochrome monitor. Complete color systems start at less than $900. Price applies at participating Radio Shack stores and dealers. 


With 80 percent of U.S. 
landfills closing in just 
20 years, we're in danger 
of drowning in our trash. 
New technologies that 
degrade, recycle, or burn 
garbage more efficiently 
offer a lifeline. 


By MARIETTE DiCHRISTINA 


M 


ook at this,” yelled a member of 
the University of Arizona’s Gar- 
bage Project recently. He had 
pulled a newspaper from a pu- 
trid pile of dirt and debris 
scooped from the depths of a 
landfill. It was yellow, but as leg- 
ible as the day it was printed, 
Jan. 8, 1952. A headline asked whether 
Truman would run for president. 

Moral: We can’t go on just throwing 
away our garbage, because covering it 
up doesn’t mean it vanishes. 

By now, the litany is familiar: While 
we are generating more and more gar- 
bage per person and as a nation, we're 
running out of legal places to put it. 

Each American tosses 4.0 pounds of 
the stuff daily, or more than half a ton 
a year. As a nation, it adds up to 179.6 
million tons annually—enough to fill 
a convoy of 10-ton garbage trucks 
more than 145,000 miles long. By the 
year 2000, the EPA predicts we will 
each produce 4.4 pounds daily, for a 
total of 216 million tons a year. 


Part of the problem is that some 73 
percent of America's trash is buried in 
landfills—recycling and incineration 
account for 13 and 14 percent, respec- 
tively. But one-third of existing land- 
fills will close in two years; 80 percent 
will shut within 20 years. Meanwhile, 
opposition to new landfills as well as 
refuse-treatment centers is fierce, 
driving up costs for the remaining 
landfills—from nominal charges a few 
years ago to more than $100 per ton of 
trash in many areas today. 

“Our problem is summarized by the 
first law of garbage,” says William D. 
Ruckelshaus, former two-time EPA 
administrator and now chairman of 
Browning-Ferris Industries of Hous- 
ton, a waste hauler. “Everyone wants 
you to pick it up, and nobody wants 
you to put it down.” 

But we have the ability to handle 
garbage more intelligently using both 
emerging technologies and new and 
improved versions of older solutions: 
Garbage can be used as a raw materi- 
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al for new products. It can be a source 
of fuel for power plants. It can be bet- 
ter collected and automatically sorted 
for recycling. And some communities 
are showing the way toward handling 
the fetid mass as an asset. 


unicipal solid waste is the offi- 

cial name for what most of us 

call garbage. It includes ev- 
erything you might throw away at 
home, from natural materials, such as 
grass clippings and banana peels, to 
items containing hazardous sub- 
stances, such as nail-polish-remover 
bottles and household batteries. (It is 
not, however, commercially produced 
toxic, radioactive, or hospital waste.) 

Like the garbage itself, the solution 
to managing our trash will come from 
a few sources. Integrated waste man- 
agement—recycling (including com- 
posting), incineration, landfills, and 
reducing the amount of garbage gen- 
erated—is the likely answer. 

“Traditionally, we have looked at 
waste as one big mass that gets han- 
dled one way,” notes David Loveland 
of the National Recycling Coalition in 
Washington, D.C. “It’s landfilled, or 
it’s incinerated, or now we're talking 
about recycling it. But we need to 
manage the individual components of 
the waste. Many things are appropri- 
ate to recycle. Some may be more ap- 
propriate to landfill or incinerate.” 

By 1992, the EPA wants the nation 
to divert 25 percent of its garbage to 
recycling—a stiff goal by all accounts. 
But the idea has tremendous poten- 
tial for managing waste: In a 10-week 
experiment, researchers at Queens Col- 
lege in New York City found that 84 
percent of household trash was recy- 
.clable. Recycling also gives people the 
kind of righteous satisfaction that 
makes it a popular option. 

One high-tech recycling success sto- 
ry is Rhode Island’s. In 1986 it became 
the first state to mandate recycling, 
requiring that at least 15 percent of 
residential and commercial waste be 
diverted for reuse. 

“We get almost ninety percent par- 
ticipation,” notes Thomas Wright, ex- 
ecutive director of the Rhode Island 
Solid Waste Management Corp., a 
quasi-public agency. In comparison, 
says Wright, bottle-bill states achieve 
60 percent compliance. Why? “Con- 
venience,” he explains. Instead of lug- 
ging recyclables to a reclamation cen- 
ter, residents put glass, “tin” and 
aluminum cans, and plastic contain- 
ers in a 12-gallon container (of recy- 
cled plastic). Newspapers are stacked 
on top and are stored in a separate 
compartment on a collection truck. 

All the goods go to a materials-re- 
covery facility, or MRF, in Johnston, 
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R.I. The $5 million facility processes 
90 tons of recyclables and 120 tons of 
newsprint daily. The recyclables are 
dumped on a conveyor, and machines 
using technology licensed from Masch- 
inenfabrik Bezner, a German compa- 
ny, do almost all the rest. 

First, an electromagnetic belt sepa- 
rates ferrous metals (including “tin” 
cans, which are steel that is some- 
times plated with tin). As the mate- 
rials continue up an inclined con- 
veyor, glass containers roll down 
through chain curtains. Glass is sort- 
ed manually by color. Aluminum 
comes out next. Àn eddy-current mag- 
net induces an alternating charge in 
the cans, making them hop off the 
belt. Plastic is sorted manually. 

How much does it all cost? Rhode 
Island officials say $100 a ton, includ- 
ing the price of collecting materials, 
construction and operation of the 
MRF, and marketing recyclables. 

Whether the recyclables are sepa- 
rated by consumers or machinery, 
many materials, like plastics, need 
further sorting before they can be 
reused because of their complexity. 
One example is the squeezable 
Heinz ketchup bottle: Now 
made of difficult-to-recycle 
layers of plastic and adhe- 
sives, next year it will be 
sold in a more recyclable 
form that contains no ad- 
hesives. And when you 
look closely at a plas- 
tic soft-drink bottle you 
find the colored base is 
high-density polyethylene 
(HDPE); the clear or green 
portion is polyethylene te- 
rephthalate (PET); and it 
also has an aluminum cap 
(with plastic liner), a paper or 
plastic label, and adhesive. 

The Center for Plastics Re- 
cycling Research at Rutgers Uni- 
versity in Piscataway, N.J., is a 
leader in developing separation 
technologies. It advanced the tech- 
nology to recycle mixed plastics into 
“lumber” for park benches and other 
products. In addition, the center’s wet- 
reclamation, or “float/sink,” resin- 
reclamation method will separate up 
to 50 million pounds of plastics annu- 
ally in a Bridgeport, N.J., plant built 
by Day Products. 

To reclaim plastics such as PET or 
HDPE, bottles are shredded, washed, 
and pumped into a tank of water. 
There, PET and aluminum settle, 
while HDPE floats to the top and is 
skimmed off. A rotating drum uses 
static electricity to separate PET and 
aluminum. The resulting plastic 
flakes are later manufactured into 
products including containers, soda- 


bottle bases, pipes, insulating fiberfill 
for jackets, and yarn for carpets. 
Another approach to sorting plastic 
comes from John Brown Plastics 
Machinery of Providence, R.I. Baled 
PET and HDPE bottles are broken 
apart by a bale breaker and granulat- 
ed. The plastic flakes are stripped of 
labels by an air-separation system, 
washed, and separated by a series of 
hydrocyclones, vertically oriented 
cylinders in which pumped-in water 
spins around the side, like a cyclone. 
Additives change the water’s density 
so the lighter HDPE spins upward 
and exits with the flow at top. The 
heavier PET and aluminum particles 
drop out. A 1,000-pound-per-hour 
demonstration test lab is operating at 
the Cumberland division of John 
Brown in South Attleboro, Mass. 


Researchers at Dow Chemical and 
Du Pont have developed “compatibi- 
lizers,” which form chemical links be- 
tween some types of plastics. This 
avoids complete separation and en- 
ables recyclers to combine resins into 
a plastic with new applications—a 
method already used to create new 
plastics. 

While recycled resins are found in- 
creasingly in containers, they are not 
likely to be widely used for food and 
beverages. Because plastic can absorb 


I An example of a plant that uses refuse-derived 
l fuel, the Semass Waste-to-Energy Facility in 
! Rochester, Mass., shreds and burns trash from 
32 communities, generating more than 50 
megawatts. A portion of the electricity is used to 
run the plant; the rest is sold to a local utility. 
Right, a rail car dumps 40 tons of trash—five 
times the capacity of a truck—onto the tipping 
floor, where unsorted trash is stored while it 
awaits processing. Most of the ferrous metal is 
on r reclaimed magnetically before bum- 


™ ing—the rest is collected afterward 

(see above illustration). Then ham- 
mermill shredders tear up the 
waste. To improve combustion, 
the fragments are blown into the 
boiler, where they ignite midair 


degrees F. Heavier non-com- 
bustible objects, such as glass 
and remaining metals, fall to the 
grate, where temperatures are 
kept below the melting point of 
glass. These materials become part of 


, $1,500 in coins daily. 


^ in temperatures well over 2,000 — 


a lightweight aggregate, called Boiler Aggregate, that the 
owners are proposing to sell for uses such as road-building 
materials. Non-ferrous metal, including aluminum, is sifted 
from the bottom ash, which comes off the grate. Left, 

among the metal collected from the bottom ash for scrap: 


To treat flue exhaust, each of the two boilers has an 


FLY-ASH 
‘STABILIZER 


ELECTROSTATIC 
PRECIPITATOR 


NE. kt 


acid-gas scrubber and an electrostatic precipitator with five fields, 
areas where charged fly-ash particles collect on oppositely charged 
plates, like paper on a comb. 

To aid local recycling, plant owners are experimenting with having 
homeowners place recyclables in bright yellow bags, which are easily 


pulled from the tipping floor. The materials are sold to processors and 


end users of recyclable materials.—M. D. 


some of what it contains, it has been 
difficult to guarantee purity. One ex- 
ception: Dolco Packaging Corp. of 
Sherman Oaks, Calif, has govern- 
| ment approval to use recycled poly- 


styrene in egg cartons. 
C matter, is often considered a 
form of recycling. With the ac- 
tion of microbes, fungi, insects, and 
worms, it can transform vegetative 
matter into a dark, rich soil. And it 
doesn't have to be unpleasant on a 
large scale: “A properly run compost- 
ing facility can generate good odors 
—the smells people associate with a 
forest on a wet day," says Tom Rich- 
ard, a senior research specialist in the 


omposting, which reuses plant 


Cornell University Department of Ag- 
ricultural and Biological Engineering. 
The Ithaca, N.Y., college helped run 
a pilot 500-ton-per-year yard-waste 
composting project in Westchester 
County, N.Y. The waste was arranged 
in long piles called windrows and peri- 
odically turned to maintain tempera- 
ture, moisture, and oxygen levels. 
One concern about using yard 
waste, that the chemicals homeown- 
ers use to kill bugs and weeds and en- 
courage grass growth could make the 
compost undesirable, didn't happen. 
“As far as pesticides are concerned, 
you could eat this compost," says 
Richard, who attributes this to lawn 
products that quickly degrade. Rich- 
ard put the per-ton cost of composting 


at this facility at $15 to $20. Com- 
posting is being conducted now in 
many areas of the country. 

Anaerobic microbes, which live in 
oxygen-free environments, also could 
compost waste while simultaneously 
generating methane gas, a fuel 
source. The Illinois Biomass Energy 
Program in Du Page experienced good 
results with sewage sludge in a one- 
year test using sequential anaerobic 
fermentation, a method where several 
degradation steps are mediated by 
separate groups of anaerobic bacteria. 
The bacteria convert organic wastes to 
methane and a solid residue for medi- 
um-grade ammonia-containing fertil- 
izer. A second study is planned for 
yard wastes. 
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Sam Ghosh, a professor of civil en- 
gineering at the University of Utah, 
who developed the technique, says 
similar processes can produce other 
useful materials. “We can convert or- 
ganic garbage into high-value fuels, 
such as methane or ethanol, or other 
chemicals,” he says. Ghosh says some 
80 percent of what goes into landfills 


is organic material. 
0 been that after you separate 
materials, you have no guar- 
antee that there will be a market 
for them. After a newsprint glut in 
the Northeast, communities that 
had been selling their wastepaper 
had to pay to have it taken away. 


ne drawback to recycling has 


“To make recycling successful,” says 
Loveland of the National Recycling 
Coalition, “we'll need both increased 
collection and consumer demand for 
recycled materials.” 

Some experts say that the rate of 
recycling cannot be reliably increased 
enough to make it our sole waste- 
management solution; incineration, 
they contend, has to be part of the an- 
swer. “Some people argue that we can 
recycle our way out of our problem,” 
says Richard Magee, executive direc- 
tor of the Hazardous Substance Man- 
agement Research Center at the New 
Jersey Institute of Technology in 
Newark. “I think that’s a fairy tale.” 

Today there are more than 160 
household-trash incinerators in the 


PERISHABLE PLASTICS 


The latest salvo in 
the rush to mass-pro- 
duce a truly biode- 
gradable plastic was 
launched recently 
when ICI Biological 
Products, a division 
of the British chem- 
ical giant, announced 
that its plastic would 
be used in shampoo 
bottles next year. 

Plastic, estimated to 
be just eight percent of 
the total waste stream 
by weight, is nonethe- 
less a very visible 
symbol of the garbage 
crisis because it is 
known to last for many 
decades, and perhaps 
centuries, before it 
degrades. 

ICI's plastic will be used in shampoo bottles 
sold by Wella in West Germany. The plastic, 
called polyhydroxybutyrate-valerate, is pro- 
duced by a naturally occurring bacteria. The 
bacteria convert glucose to PHBV, which 
they store much as humans store fat. The 
material can be degraded in aerobic condi- 
tions to water, carbon dioxide, and humus by 
naturally occurring bacteria and fungi. 
However, the company says that in applica- 
tions like bottles, films, and fibers, PHBV has 
durability, stability, and water resistance 
comparable to conventional thermoplastics. 
Other laboratories are developing similarly 
made degradable plastics. 

Another recent entry is a plastic developed 
by Warner-Lambert Co. made of starch from 
potatoes, rice, or wheat. The Morris Plains, 
N.J., pharmaceuticals company applies 
pressure, moisture, and heat to form the 
starch into a malleable substance that can 
be molded and extruded like other plastics. 
The company doesn't know, however, when it 
will produce products made with the plastic. 
Argonne National Laboratory also has a not- 
yet-commercial biodegradable plastic, made 
by fermenting the glucose in potato or 
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cheese whey to lactic 
acid with bacteria, and 
then using the lactic 
acid to construct the 
plastic. 

These plastics are 
different from the corn- 
starch-containing vari- 
ety that has received 
so much attention from 
the media. 

One type is com- 
posed of conventional 
polymers with up to 15 
percent cornstarch. 
Bacteria eat the corn- 
starch, leaving the 
plastic, as in the scan- 
ning-electron-micro- 
scope photo. 

Then the plastic 
breaks apart into tiny 
pieces, which most 
agree will resist degradation for many years. 
But Archer Daniels Midland Co., in Decatur, 
lll., which makes a cornstarch additive for 
degradable plastic bags that includes an ox- 
idative degradation catalyst, claims tests 
show the bags will break down in a landfill. 
The oxidative mechanism breaks down the 
long polymer chains into small segments, 
says George Poppe, manager, degradable 
plastics research, at ADM. 

"Degradation is not as fast as in ideal com- 
post conditions," he adds. "But in two to 
three years biodegradable plastic will lose 
the properties of the original product." 

Photodegradable plastics, another type, 
generally incorporate chemicals that break 
down the long polymer chains into smaller 
segments in the presence of ultraviolet light. 
Still other plastics degrade with the addition 
of certain chemicals and water. 

But can degradable plastics help solve the 
garbage mess? The EPA doesn't think so: In 
a report to Congress in February, the agency 
said degradable plastic provides little, if any, 
environmental benefits. And the Council for 
Solid Waste Solutions, a plastics-industry 
coalition, instead favors recycling.—M. D. 
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United States. In the spring of 1989 
about 45 new combustion facilities 
were under construction and others 
were proposed. If all are built, the 
Congressional Office of Technology 
Assessment predicts they would in- 
crease the combustion portion of the 
waste-management scheme to 25 per- 
cent by the end of the century. 

Combustion, under optimal condi- 
tions, can cut garbage 90 percent by 
volume and 75 percent by weight. 
Emissions are also cleaner in new fa- 
cilities as a result of the 1987 EPA re- 
quirement for the plants to use “best 
available control technologies.” Mod- 
ern incinerators combine better com- 
bustion and emission-control devices, 
including: *scrubbers," towers that re- 
move acidic vapors in flue gases; elec- 
trostatic precipitators, which give fly 
ash a positive charge and collect it on 
negatively charged plates; and bag 
houses, which sift out particles. 

As a result, plants built today are a 
vast improvement over designs from 
several years ago, says Magee. "We've 
seen an over-1,000-fold reduction in 
modern plants in things like dioxin 
and furan emissions compared with 
plants built in the 1970s," says 
Magee. Dioxins and furans are two 
classes of chlorinated organic com- 
pounds that can be highly toxic. ^With 
today's technology, health risks from 
incineration are small," says Magee. 

However, critics contend that waste 
combustion hinders recycling; may 
still pollute the air; and produces ash 
—especially in the case of fly ash— 
that contains high concentrations of 
heavy metals, such as lead, mercury, 
and cadmium, and in some cases diox- 
ins and furans. (Fly ash is particles 
collected from flue gases.) 

"Incinerators do not dispose of 
waste," says Richard Denison, a scien- 
tist with the Environmental Defense 
Fund in Washington, D.C. "They are 
waste processors that create wastes 
that must themselves be managed." 
Ash is placed in monofills, sanitary 
landfills for one type of waste, or 
mixed with household waste in a 
landfill. 


plants operating today are of the 

type called mass-burn. The next 
most common use refuse-derived fuel. 
Many generate electricity. Called 
waste-to-energy plants, they use the 
heat from burning to boil water. The 
resulting steam can be sold to indus- 
try or drive a turbine to generate 
electricity. 

Mass-burn systems burn mixed 
garbage in one combustion chamber 
using excess air. In new facilities, 
garbage fed into the furnace from an 


T he majority of waste-combustion 
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Modern landfills provide many safeguards against environmental 
hazards, such as contaminating leaks to ground water and methane- 
gas migration (above left). First, the landfills are sited in more suitable 
hydrogeologic areas, preferably where ground water is deep and not 
used as a drinking-water supply. A state-of-the-art sanitary landfill has 
a liner system comprised of (from top to bottom): a leachate-collec- 
tion system, a synthetic liner over a clay liner (called a composite lin- 
er), followed by another leachate-collection system, and another 
composite liner. Ground water is also monitored on a regular basis. 
Trash is dumped into a “cell,” an active part of a landfill that is cov- 
ered daily with soil to prevent erosion and water infiltration. Because 
the soil occupies as much as 20 percent of a landfill’s space, manu- 
facturers have developed foam products as alternative daily covers. 
Textiles and plastic tarps have also been used as daily covers. When 
the landfill is full, the final cover includes compacted clay and a syn- 
thetic cap, gas-collection or venting systems, plus a drainage system 
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Above, materials in household trash by weight. Figures 
are for 1988, the latest available. The newspaper at 
right was unearthed by The Garbage Project of the 
University of Arizona, which also has found 
undecomposed foods like hot dogs, carrots, 
and corn cobs complete with husk. 


PERCENTAGES DO NOT ADD UP TO 100 
BECAUSE OF ROUNDING 
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to prevent rainwater infiltration. Above right, the initial synthetic liner 
is installed atop a clay liner in this planned eight-acre portion of a 
landfill in Charles City County, Va. The air-supported structure visible 
protects against inclement weather during construction. The develop- 
er and operator is Chambers Development Co. of Pittsburgh. 

Because of the lack of air and water, garbage in landfills is often re- 
markably well-preserved. "Degradation, next to Santa Claus, is our 
most popular myth," says William Rathje, co-director of The Garbage 
Project. *It works in a compost pile in aerobic conditions because the 
bugs [microbes] there could degrade anything. Below eight to ten 
feet, you get anaerobic conditions. The bugs there are like the ninety- 
pound weaklings at the beach—they got a lot of trouble." Rathje says 
three anaerobic microbes must work in a certain order to degrade pa- 
per, for example, and they all like different conditions. 

That doesn't mean nothing is happening. "In the first ten to fifteen 
years of burial,” says Rathje, “about one-quarter of the food debris 
and yard waste biodegrades, producing methane gas." To extend the 
life of landfills, Argonne National Laboratory in Argonne, IIl., has ex- 
perimented with adding water to landfill material. The result: 
Degradation speed triples and the waste generates more methane, 
an energy source. Rathje isn't sure this is a good idea. "The bugs 


YARD WASTE 17.6% may be ninety-pound weaklings, but they're not stupid," he says. 


“They don't eat lead or cadmium or mercury or the acute hazardous 
material in inks or paints or stains. If you degrade garbage, you may 
get a concentrated hazardous goo that could leak into ground water." 
Another point: “People put things on top of landfills—golf courses, 
parking garages, storage sheds. When you do that, the last thing you 
want is for the landfill to slump, settle, or subside. 

And that's what increased biodegradation 

would do."—M. D. 
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overhead crane falls on moving grates 
that tumble it for better combustion. 
Combustion above the grates is typi- 
cally around 1,800 degrees F. 
Refuse-derived fuel, or RDF, is 
made from processed garbage. Metals 
or glass can be removed, and the re- 
mainder can be shredded, powderized, 
or compressed into pellets or bricks. 
RDF can be the sole fuel or combined 
with conventional fossil fuels. Be- 
cause of processing complexity, RDF 
has been more costly and less reliable 
than mass-burn, says the OTA, 
though many systems have run well 
after solving start-up flaws. 
0 Waste-to-Energy Facility in 
Rochester, Mass. Set amidst 
scenic cranberry bogs at the gateway 
to Cape Cod, the plant shreds and 
burns 1,900 tons of trash daily for $20 
a ton. It recently received approval for 
an expansion that will enable it to 
handle 900 additional tons a day. 
Semass daily reclaims 36 tons of 
metals and generates more than 50 
megawatts of electricity. It creates 
227 tons of bottom ash, which it pro- 
poses for use as a lightweight aggre- 
gate for building materials, and chem- 
ically stabilizes 126 tons of fly ash so 
it won't leach toxins, Semass claims. 
(Bottom ash is the the material that 
remains on the grate after burning.) 
And the plant’s emissions are laud- 
ably lower than environmental re- 


ne such plant is the Semass 
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quirements demand (see box, page 59). 
Semass officials also are testing 
nonstructural uses, such as lawn or- 
naments, for the fly ash. “Our goal is 
zero landfilling,” says Gordon Sutin, a 
vice president at Energy Answers 
Corp., one of the owners of Semass. 
Like anything new, however, Semass 
has had setbacks. One unanticipated 
summertime problem: the smell. 

“We required pollution controls be- 
yond anything that had been done 
with shred-and-burn technology. But 
Semass hasn't gotten recognition for 
that because at times odors from the 
plant have been extremely strong," 
says John Winkler, review engineer 
for air quality at the Massachusetts 
Department of Environmental Pro- 
tection. To suppress the stench, the fa- 
cility has built an air-dispersion tow- 
er. When Semass adds a third boiler, 
the plant will incorporate a mecha- 
nism to draw out and burn the odor- 
laden air, eliminating the problem. 

Neutralysis Industries Ltd. of 
Australia has another RDF idea that 
combines waste management with 
making lightweight aggregate. After 
running a pilot plant in Brisbane, the 
company plans to construct a plant in 
Bay County, Mich., to handle 700 tons 
of trash a day. 

After recyclables and metals are re- 
moved, the waste is shredded, com- 
bined with clay and liquid, and ex- 
truded as homogeneous pellets that 
look like dry dog kibble. "That liquid 


ILLUSTRATION BY BOB LANGE 


can be water, sewage, or even some 
hazardous waste,” says Jack Robison, 
president of Neutralysis. The pellets 
are subjected to a three-stage rotary- 
kiln system at varying oxygen levels 
and progressively higher tempera- 
tures. Volatile gases thrown off by the 
pellets are recirculated to feed the 
burn. Robison claims the process gen- 
erates 8 to 10 megawatts of electricity 
and leaves one-half of one percent of 
the original waste weight as fly ash 
because of thorough combustion. 
M menting with reusing ash: At 

the State University of New 
York, Stony Brook, researchers mix 
ash with portland cement to make ce- 
ment blocks for construction. Initial 
studies indicate that the process pre- 
vents toxic metals from escaping into 
the environment. 

Other less-often employed incinera- 
tion systems also offer promise. Like 
mass-burn, modular systems can take 
unprocessed waste. But they are gen- 
erally smaller and use two combus- 
tion chambers. The primary chamber 
operates in an oxygen-starved envi- 
ronment; here the wastes are vapor- 
ized, and the resulting gases are 
burned in the second chamber, which 
uses excess air. 

Fluidized-bed combustion burns fu- 
el in a liquid or solid suspension—en- 
trained along with intensely hot parti- 
cles of sand in an upward flow of 


any others are also experi- 


turbulent air. So far it primarily has 
been used in this country to burn 
sewage sludge, industrial waste, and 
coal. In Europe, it has been used in 
refuse-derived-fuel plants. Bubbling 
designs keep material near the bot- 
tom of the furnace. Circulating de- 
signs allow material to move upward 
and then return near the bed for fur- 
ther combustion. The extreme turbu- 
lence may provide more-consistent 
combustion than mass-burn or RDF 
at lower temperatures, says the OTA. 


yrolysis, another method, is 
the chemical decomposition of 


waste by heat in the absence of 
oxygen, and it generally occurs at 900 
to 1,400 degrees F. It produces liquid 
tar and gas that could be used as fuel 
in industrial applications including 
electric-power generation. Total En- 
ergy Systems of Ft. Lauderdale, Fla., 
has run a test plant in Asheville, N.C., 
and is negotiating with several mu- 
nicipalities for a pyrolysis waste-han- 
dling plant. ^We can use paper, food, 
yard waste, tires, and plastics," says 
William Meenan, a spokesman. “For 
every hundred tons of garbage, we 
generate one million cubic feet of gas, 
150 barrels of oil, and ten to twenty 
tons of ash residue.” This residue 
must be managed, but Meenan claims 
it will pass toxicity standards for 
residue storage in a landfill. 

There always will be garbage that 
can't be recycled, reduced, or burned. 
And though past practices have made 
the public wary of allowing new facili- 
ties to be sited, current containment 
technology has made landfills safer. 

“With today’s technology, landfills 
are probably the safest solid-waste- 
management alternative available,” 
says Steve Menoff of Chambers Devel- 
opment Co. of Pittsburgh, a landfill 
operator. Still, many agree that even 
the best-designed modern landfill will 
eventually leak. 

“What is most American about our 
garbage management is that we can’t 
just manage it. We have to make mon- 
ey on it or do something good with it, 
like reclaim ‘useless’ land,” says Wil- 
liam Rathje, co-director of The Gar- 
bage Project. “Then we found—oops 
—these swamps, streams, and coast- 
lines are the worst places to put your 
garbage because they can leak right 
into ground water. As a result, we're 
unwilling to accept landfills nearby.” 

New York state is a prime example 
of this challenge. New York City’s 
Fresh Kills Landfill on Staten Island 
—the world’s largest—was construct- 
ed in the 1940s on “useless” wetlands. 
Today the 2,000-acre 150-foot-high 
dump accepts three-quarters of the 
city’s trash. And more and more trash 


is shipped to increasingly resentful 
states as far away as Oklahoma. 

But while some areas aren't suit- 
able for landfills, Rathje says that the 
notion that we're running out of space 
is wrong. After New York state com- 
missioned a survey of 42 percent of its 
domain, for example, it found one per- 
cent suitable for landfills—but that 
was still 200 square miles, he says. 

If the idea that we're running out of 
space is one myth, Rathje and other 
researchers have debunked others. 
Among their findings: fast-food pack- 
aging is just one-tenth of one percent 
of landfill composition (including poly- 
styrene), and disposable diapers occu- 
py about one percent. The biggest vil- 
lain? Supposedly degradable paper, 
which used up 40 to 50 percent of 
landfill space—newspapers alone 
were 10 to 18 percent—and was not 
found to be degrading much at all. 

These facts begin to make sense 
when you learn how a modern "sani- 
tary" landfill is constructed (see box, 
No Longer the Town Dump). The sites 
have containment systems to prevent 
air and ground water contamination 
—and consequently impede degrada- 
tion. Menoff says it can cost as much 


as $1 million an acre for landfill con- 
struction and long-term environmen- 
tal monitoring and maintenance. 


tial for solving the garbage prob- 
lem—making less trash in the 
first place—requires cooperation from 
many groups in ways large and small. 

For example, packaging may ac- 
count for as much as one-third of the 
volume of what we toss. By designing 
with a minimum amount of materials, 
toxins, and metal, companies can help. 
Reuse, as in the refillable containers 
that are reappearing for many prod- 
ucts, also will cut garbage generation. 

But we have to help too, says Mau- 
reen O'Rorke, who devised Berkeley, 
Calif.’s *precycle" public-education 
campaign. The city encourages pur- 
chasing durable products, goods that 
are recycled and recyclable, and buy- 
ing in bulk. You can avoid choosing 
between plastic or paper bags at the 
Store by using canvas or mesh sacks, 
she suggests. 

"To make a significant difference, 
just quit tossing out yard waste— 
which is about eighteen percent of 

[Continued on page 95] 


T he step with the greatest poten- 


DISPOSABLE-DIAPER DEBATE 


Americans use more than 16 bil- 
lion disposable diapers annually—1.5 million 
tons a year. Some 85 percent of American babies 
wear them, and each is said to go through about 8,000 diapers 
before growing out of the habit. In response to the perceived threat, 
some 20 states have considered legislation ranging from taxes to bans. 
How much of a problem are disposables? William Rathje, co-director of 
The Garbage Project, found them to be around one percent by weight of the 
content of landfills he has examined. That's far from the biggest waste con- 
tributor (which is paper), but still a large amount for one item. 

Some companies are offering solutions with degradable diapers made of 
polymers with cornstarch (see box, Perishable Plastics). Others contend that 
these will not help because they take up as much room in landfills as other 
disposables and will degrade slowly, if at all (see box, No Longer the Town 
Dump). Maybe the best idea, say many. is to go back to cotton reus- 
ables—and in fact the diaper-service industry is experiencing a great re- 

newal of interest. But even here, there are no easy answers. 
“If everyone who uses disposable diapers switched to cloth, there 
would be other environmental impacts: additional water used in 
laundering, additional sludge that would need treating," 
notes Norm Crampton of Indiana's Institute on Re- 
cycling. “These are unexplored questions."—M. D. 
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There's an all too com- 
mon notion that owning 
a 4-wheel drive vehicle 
means sacrificing a 
smooth ride and com- 
fortable interior environ- 
ment. But the 4-wheel 
drive Ford Aerostar is 
changing that notion- 
combining improved 
traction with ride and 
handling so exceptional, 
you may not even realize 
you're driving a 4-wheel 
drive vehicle. 


aed RE 


Advanced electronic 
4-wheel drive and 
anti-lock brakes. 
To help you stay 
calm (even when 
the weather 
doesn't), we gave 
this Aerostar the most 
advanced 4-wheel drive available in 
aminivan:a full-time system that elec- 
tronically senses road conditions and accord- 
ingly adjusts the power given to each set of 
wheels. In addition, we included standard 
rearanti-lock brakes, designed to inhibit rear- 
wheel lockup and help you make straight stops. 


Smooth handling. Comfortable ride. 

But since a minivan should be as comfort- 
able as it is comforting, we also gave 
Aerostar smooth ride and handling, along 
with a well-appointed, roomy interior. In 
fact, Aerostar has greater rear cargo capacity 
than Caravan or Voyager.* 


Standard 4.0L V-6 power. 

As for Aerostar's 4.0L V-6 engine, it, too, 
is capable of handling practically anything— 
like towing up to a 4500-pound trailer** It's 
just one more reason Aerostar 4WD is ideal 
for families on the go. And for families who 
refuse to let Mother Nature rule the roost. 


? Ford Aerostar 4WD is 

Motor Trend's award- 

winning minivan for1990. 
*With rear seats removed. 


ble towing reduced 
engers and optional 


“Maximum a 
by weight of pa 
equipment. 


Ford Aerostar AWD 
Have you driven a Ford...lately? Gray 


It handles the road as easily 


as it handles Mother Nature. 
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Vladimir Dzhanibekov, one of the Soviet Union’s most es- 
teemed cosmonauts, is co-captain; and Richard Branson, 
the millionaire owner of Virgin Atlantic Airlines and Vir- 
gin Records, who was on the first Atlantic hot-air balloon 
crossing in 1987 and holds the Atlantic powerboat crossing 
record [“Transatlantic Catamaran,” Nov. '85], is the pilot. 
He also has contributed much of the money for the roughly 
$2 million attempt. 


o give the project its best shot at success—and ensure 

the survival of the crew—required equipping the craft 

with the latest weather and communications equip- 
ment. Satellite communications systems supplied by 
NASA will provide links to points worldwide. The crew 
will have global positioning satellite (GPS) receivers to de- 
termine the craft's precise location, which can be relayed 
through the Inmarsat satellite net- 
work to project headquarters in 
Akron. Phone calls and fax mes- 
sages to and from all corners of the 
globe will keep the crew wired to 
people and events (weather up- 
dates can be printed out on the fax 
machine). They'll be in constant 
contact with a far-flung network 
of ham radio operators. The best 
weathermen in the business are 
supplying navigation advice (see 
box, Catching the Wind). And a 
NASA wind-shear instrument on 
board will gather data for atmo- 
spheric researchers. 

Earthwinds’ program manager, 
Phil Conley, is a retired major gen- 
eral who formerly commanded the 
Air Force Flight Test Center at Ed- 
wards Air Force Base in the Cal- 
ifornia desert. Who on Earth put 
together such an ambitious and 
complex venture? 

Larry Newman did. 

An unflaggingly energetic Boe- 
ing 757 captain at America West 
Airlines, national ultralight cham- 
pion, world-class hang-glider pilot, 
and balloonist (he also flies heli- 
copters), Newman has been pursu- 
ing the idea of an around-the-world 
flight for about nine years. What 
took so long? Aside from fund rais- 
ing, trying to get permission to fly 
over the Soviet Union was the big- 
gest roadblock, Newman recalls. 
“Without that you can’t go. Finally, 
Glavkosmos, the commercial 
launching arm of the Soviet space 
agency, invited me to the USSR 
and told me a Soviet cosmonaut 
should be on the mission and pro- 
posed Dzhanibekov. People at 
NASA told me, ‘This guy has been 
in space five times, and he’s direc- 
tor of cosmonaut training for the 


them located in a group of aerospace companies scattered 
in the western states—who are working on a frantic 
timetable to design and fabricate the unorthodox flying 
machine. 

If the truth be told, some of these participants have been 
overheard attempting to think up punchlines for a joke 
about three guys who are flying around the world in a bal- 
loon that’s starting to lose altitude. One guy’s from Ari- 
zona, another is Russian, and the third guy is British. 
They’re trying to decide what—or whom—to toss out the 
hatch to lighten the load so they don’t end up in the 
ocean... Punchline development has been proceeding at a 
snail’s pace, though; the engineers are too preoccupied 
with making sure the three real guys get where they’re go- 
ing. Nobody wants to be the one who built the part that 
didn’t work; they all realize a mistake could cost the 

crew members their lives. 


s sunset approaches on 

launch day, the airdock’s 

huge clamshell doors slide al- 
most imperceptibly on rollers and 
rails until the end of the building 
presents a gaping opening to the 
sky; the process takes a full five 
minutes. The crews move the heli- 
um balloon and its trailer out the 
open doors and let the tall envelope 
slowly rise while cables and winch- 
es control its rate of ascent. Gradu- 
ally the capsule lifts off the ground, 
as the spherical balloon swings 
into place underneath it. Now the 
entire assemblage stands about 
340 feet tall. 

With the push of a button, the 
balloon captain severs the restrain- 
ing cables, and the colossal craft 
rises silently into the calm evening 
sky, floodlights on the ground re- 
flecting brilliantly from the upper 
balloon’s silvery sides. Once the he- 
lium balloon's mighty lift is un- 
leashed, there is no way to correct 
a snagged line or some other foul- 
up that could doom the craft before 
it even leaves the ground. 

At an initial climb rate of ap- 
proximately 500 feet per minute, 
the balloon takes about two hours 
to reach a 35,000-foot altitude, 
where it catches a northeasterly jet 
stream that should carry it above 
Boston in the early morning hours 
and then out over the Atlantic 
along the 40th parallel. The craft 
drifts at a ground speed of about 75 
mph, while inside the capsule the 
crew busily monitors weather re- 
ports. The international trio is well 
aware that the success of the voy- 
age depends heavily on the ongoing 
meteorological advice they receive. 


whole Soviet Union. He's like Neil 
Armstrong and John Glenn rolled 
together.’ I thought, ‘Sure, I'll fly 
with him.” 

Newman also recruited the core 
of the team—about 50 specialist 
engineers and technicians, many of 


SUPERPRESSURE ANCHOR BALLOON 


From takeoff to its 35,000-foot float altitude, 
Earthwinds’ helium balloon (shaded area) will 
quadruple in volume. The anchor balloon’s volume 
will remain constant as air is pumped in or re- 
leased to adjust the craft’s buoyancy. 


Up and down are the only direc- 
tions of flight the balloonists can 
actively control. After all, Earth- 
winds is predominantly a passive, 
drifting vehicle that obtains its mo- 
bility from rivers of moving air. 
The only thing the crew can do to 
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Balloon captain Larry Newman with his newly fabricated glass-fiber crew capsule in Scottsdale, Ariz. 


influence its course is manipulate the craft's buoyancy so 
as to rise or sink into the most favorable wind currents. 

Earthwinds \ooks different from conventional balloons 
for good reason. Ordinary helium balloons have a theoreti- 
cal life span of only eight days, far short of the time needed 
to fly a crew nonstop around the world. Nor can conven- 
tional hot-air balloons do the job. 

The two types of balloons are limited in endurance for 
different reasons. A hot-air balloon burns propane almost 
continuously to generate the heat that gives it lift. There- 
fore, the notion of designing a hot-air balloon to circle the 
globe quickly collides with this Catch 22: To carry enough 
propane, the balloon’s hot-air envelope would have to be 
immense, which would in turn require burning huge 
amounts of propane to provide enough lift...but that much 
propane would be too heavy to carry...and so on. 

Helium balloons are limited in duration by the daily so- 
lar cycle of warming and cooling (see box, The Physics of 
Balloons). When the sun warms a helium balloon, the gas 
expands 5 to 10 percent. This extra gas must be released 
to prevent the balloon from bursting. As the balloon cools 
at night, the resulting 5- to 10-percent loss of lift causes it 
to descend. At this point, the solution is to release enough 
ballast from the balloon to make its weight again equal to 
its lift, letting it maintain its “float” altitude. This venting- 
and-ballasting cycle can only be repeated for five to eight 
days, and then the ballast runs out. A longer flight would 
require a much heavier supply of ballast with a huge bal- 
loon to lift it, which would again increase the ballasting re- 
quirement...to a point of rapidly diminishing returns. 

Pioneering designers during the past three decades 
have thought of two ways to extend further the endurance 
of unmanned scientific balloons. 


Earthwinds is the first manned 
“balloon system” to incorporate these 
features, says Tim Lachenmeier, the 
engineer who specified its upended- 
dumbbell configuration. An admitted 
“balloonatic” and a member of the 
tiny world fraternity of about a dozen 
working balloon designers, he’s em- 
ployed by Raven Industries in Sioux 
Falls, S.D., one of two companies in 
the United States that makes huge 
high-altitude helium balloons for 
NASA's weather and atmospheric re- 
search. These balloons routinely float 
as high as 130,000 feet. 

To make sure he considered all of 
the most reliable and proven design 
ideas while drafting the Earthwinds 
blueprint, Lachenmeier consulted a 
circle of four retired balloon gurus 
with more than a century of collective 
experience in government research 
programs. “The idea is not to rein- 
vent the wheel,” he explains, “but to 
take space-age materials and apply 
them to existing technology to get the 
job done. Our number-one concern 
is safety—to get these guys back 
alive. With the fast-track schedule 
we're on, this is a little like doing 
the whole Mercury program in six 
months; after all, we're going to orbit 
the Earth." 

The first trick, and the one that 
makes Earthwinds look so out- 
landish, is coupling a familiar helium 
balloon with an air-filled “superpres- 
sure anchor balloon,” the sphere located beneath the crew 
capsule. 

A lighter-than-air balloon rises for the same reason a 
steel ship can float even though it’s made from heavy ma- 
terials. The ship floats because it weighs less than the vol- 
ume of water it displaces. A balloon “floats” in the air be- 
cause the helium or hot air inside it weighs less than the 
volume of surrounding air it displaces. Similarly, a subma- 
rine can rise, sink, or float while submerged, depending on 
its use of ballast to weigh less, more, or the same as the 
water its hull displaces. 

An air-filled superpressure anchor balloon is a simple 
and ingenious device that, like the submarine, becomes 
lighter and heavier with changes in altitude, providing a 
helium balloon with a “variable ballast” that never runs 
out. Earthwinds’ plastic-lined anchor balloon is a nonex- 
pansible fabric sphere constructed with a new ultra-high- 
molecular-weight polyethylene material called Spectra, 
which the maker, Allied-Signal, claims has much greater 
strength and lighter weight than carbon or aramid fibers. 
A powerful electric fan can pressurize the anchor balloon 
with air to about 0.5 psi, while a valve permits the pres- 
sure to be released. 


W hen Earthwinds takes off, the valve on the anchor 


balloon will be open, nearly equalizing the inside 

and outside pressures. As the craft nears its 
cruise altitude the crew will close the air valve. “The an- 
chor balloon always has negative lift—because it’s filled 
with air instead of helium—and it becomes effectively 
heavier in relation to the thinning air outside as it is 
dragged higher and higher,” Lachenmeier explains. “It’s 
called an anchor balloon because it adds weight to the pay- 
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load as it goes up. If designed correctly, it will cause the 
whole system to come to a float altitude below the point 
where the helium balloon has to vent any gas, or we have 
to dump any ballast.” 

The craft’s configuration was partly influenced by a 
safety concern: In the unlikely event that the pressurized 
anchor balloon accidentally bursts during the flight, its use- 
less dead weight could be released to fall away only if the 
sphere were located beneath the capsule. A second consid- 
eration was the overhead clearance limitation imposed by 
the airdock’s roof. Locating the crew capsule between the 
helium and anchor balloons, rather than suspending it 
beneath both of them, permits pre-launch preparations 
to be performed in the calm air of the vast structure. 

Earthwinds will also be equipped with a supply of 
liquid helium to replenish any gas lost during day- 
time venting. Although Lachenmeier has included 
four cryogenic dewars, or tanks, containing a total of 
3,000 pounds of liquid helium, he hopes they will be 
used mostly as a backup system. “If the anchor bal- 
loon stabilizes Earthwinds' altitude during the day- 
night cycle as well as we hope it will, the helium will 
only be needed to replace the twenty pounds of gas 
that escapes daily by permeating the molecular struc- 
ture of the polyethylene balloon film,” he says. 

Really a set of high-performance thermos bottles, the 
dewars are being built by Cryogenic Technical Services, a 
Boulder, Colo., company that designs storage tanks for 
spacecraft. They are constructed from three shells of alu- 
minum blanketed with a 75-layer insulating sandwich of 
double-aluminized Mylar film and paperlike sheets of fine 
glass fiber. The space between the outer two layers of alu- 
minum forms a vacuum jacket; together the thermal barri- 
ers will eliminate helium losses due to boiling of the liquid 
gas. Simple ambient-air heat exchangers on the tank exte- 
riors and outside the crew capsule warm the helium 
enough to convert it to a gaseous state as it is piped to the 
balloon, 

Lachenmeier figures it’s well worth bringing along a ton 
and a half of spare lifting gas. If it is needed, each pound of 
liquid helium will provide six pounds of lift, for a total of 
18,000 pounds of reserve buoyancy. Any helium not used 
to replenish the balloon can be released to rise harmlessly 
to the edge of outer space, while reducing the weight of the 
dewars. 

As the marathon journey unfolds, each of the balloonists 
will have ample opportunity to play TV director. He can 
scan an array of five small flat-screen liquid-crystal-dis- 
play monitors on the wall. The images are captured by five 
tiny video cameras mounted inside and outside the cap- 
sule, then beamed out via a satellite link. 

And each evening, ESPN viewers can see news spots of 
Earthwinds’ trek relayed by a business jet that will make 
daily flybys around the balloon at 400 mph. 

The activity may divert the crew from dwelling over- 
much on the brutal conditions just outside the capsule. 


grees-F temperatures at 35,000 feet would leave the 

crew members unconscious, freezing, and on their 
way to suffocation within 30 seconds if they were exposed. 
Therefore, a climate-control system is needed to make the 
capsule livable and solve some other problems at the same 
time. 

This lightweight equipment’s main component is a 
small gasoline-fueled engine housed in an insulated box 
inside the capsule. The engine breathes cabin air and runs 
for an hour at a time driving an electrical generator that 
provides current for the capsule’s lights and communica- 
tions equipment, and powers a high-speed electric blower 


T he thin air and minus-50-degrees-F to minus-95-de- 
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CATCHING THE WIND 


ILLUSTRATIONS BY MARIO FERRO 


When Earthwinds rises into a chill winter evening, it will be captive to 
the whims of the wind. Where exactly will these currents take the bal- 
loon? Weathermen can't plot the route the craft will travel with cer- 
tainty, but they can place a good bet. 

The crew plans to position its balloon in the jet stream, where the 
up-to-250-mph winds can propel it on a fairly direct circum-global 
route. The trick will be to synchronize the launch with optimal weather 
conditions—both near Earth and in the tropopause, the layer of air at 
about 35,000 feet, where the jet stream runs strongest. 

In charge of trajectory analysis is meteorologist Bob Rice, director 
of special projects at Weather Services Corp. in Bedford, Mass. 
Armed with a history of jet-stream patterns, Rice has traced a realistic 
route (above) that highlights some hazardous areas through which 
the balloon must float. To pinpoint a launch date, he will rely on his 
own forecasts along with guidance from the National Oceanic and At- 
mospheric Administration, whose supercomputers use complex mod- 
els to chum out global weather maps daily. "We'll be looking for 
weather traveling west to east, rather than north or south," he ex- 
plains. "Then we'll look for a pattern that doesn't have any high- 
pressure blocks in it, which can stall over one spot for days." 

Because winter weather patterns typically flow straighter and 
stronger than summer ones, time-consuming north-south deviations 
will be minimized, although even an optimal jet-stream path circles 
the northern hemisphere "like a bunch of sine waves," Rice says. 

Once in the air, Earthwinds could face a number of threats. "Thun- 
derstorms can reach up to 70,000 feet," he explains. "That's not nor- 
mal winter weather, but we want to make sure the balloon isn't aiming 
at an overachiever.” Mountains, especially the Himalayas, create 
whirlpools in the atmosphere that could suck the balloon downward 
and slam it against a mountainside. "The plan is to be well north of 
the Himalayas," Rice stresses, adding that the craft should be at a 
sufficiently high altitude to clear them if necessary. 

“We also worry about icing,” he continues. “Frost spread over more 
than two acres of balloon skin gets pretty heavy. We think that by fly- 
ing in the tropopause at 35,000 to 40,000 feet where the air is drier, 
this will not be the problem it is under the tropopause at 30,000 feet. 

"You've got to treat the balloon's course like a bowling alley," Rice 
concludes. “There are gutters on both sides, so just keep the damn 
thing out of the gutter. Where it goes in between, who cares, so long 
as it makes a strike."—Judith Anne Yeaple 


that pressurizes the cabin’s air to the equivalent of an 
8,000-foot altitude. During the five-hour periods when the 
engine is shut down, the box will be opened to keep the 
power plant and generator warmed to cabin temperature, 
while shutoff valves block off the system’s air-inlet and ex- 
haust-outlet pipes. 

Ventilated lithium-hydroxide canisters, long used in 
submarines, purge carbon dioxide from the cabin air when 
the climate-control system is shut down. “Recycling the air 
for a few hours before purging it with the blower is a good 
thing,” Newman says. “It lets some humidity from the 
crew's breathing build up in the capsule. When we flew 
across the Atlantic in Double Eagle II, I breathed bottled 
oxygen continuously for thirty-three hours. It took my res- 
piratory system six months to recover from the awful dry- 
ing effect.” 

Excess heat from the engine is removed by routing its 
liquid-cooling circuit through a heat exchanger mounted 
outside the capsule. Engine exhaust runs in a stainless- 
steel pipe through the crew’s 50-gallon drinking-water 
reservoir, lowering exhaust temperature enough that the 
capsule wall's composite resins won't be harmed where the 
exit pipe passes through it, and using the water as a heat 
sink that slowly radiates warmth for the crew's comfort. 
(Ice water will not be served on this trip.) 

Electricity from the generator also powers the fan on the 
anchor balloon, which can pump air into the sphere at a 
rate that will quickly reverse a temporary ascent to 40,000 
feet that could be necessary if weight-increasing ice begins 
to form on the balloon at its normal float altitude. 

The capsule itself is the last component the team ex- 
pects to suffer any kind of structural failure during Earth- 


winds’ flight. Designed and fabricated at aircraft designer 
Burt Rutan’s company, Scaled Composites in Mojave, 
Calif., the 10-foot-diameter module is built from many 
laminations of glass fiber. The round doors at each end 
open from the inside so that cabin pressure continuously 
forces them shut against soft rubber seals. Larger in di- 
ameter than the access ports they cover, the domed doors 
had to be fabricated inside the capsule after its shell was 
completed. 

If anything, the capsule is probably much stronger than 
it has to be. Taking a conservative approach, Rutan called 
for the addition of reinforcing layers of composite that re- 
sulted in a finished weight of 2,000 pounds, a huge in- 
crease over its promised weight of 1,200 pounds. The 
added mass sent a lot of people rushing back to their 
drawing boards. “This overweight problem is a major one; 
it ripples through the whole design,” Newman laments. 
“Now we have to start deciding what we're not going to 
take with us.” 

After riding the jet streams across the Atlantic and Pa- 
cific oceans, Western and Eastern Europe, the Soviet 
Union, perhaps Japan, and most of North America, Earth- 
winds needs only to land somewhere east of Akron to real- 
ize Jules Verne’s dream that one day aeronauts would cir- 
cumnavigate the globe. 


daytime landing in sunny weather would be ideal 
conditions for spectators awaiting the craft’s arrival, 
but coming down through clouds or even landing 
at night shouldn't pose a difficult problem. When they 
are ready for their descent, the crew will choose a likely 
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The device that pulls Earthwinds skyward is 
a helium-filled zero-pressure balloon (above 
left), so called because the pressure of the 
gas inside nearly equals the pressure of the 
air outside. Its envelope is made from four 
layers of a special high-strength and cold-re- 
sistant polyethylene film 1.5 mils thick— 
somewhat heavier than a dry-cleaner bag. 
About 100 eye-shaped gores, or strips, of 
polyethylene joined together by fiber-rein- 
forced “load tapes" form the envelope's 
plump inverted-teardrop shape. 

As an ascending zero-pressure balloon 
nears its float height, gas expansion due to 
the decreasing pressure of the thinning air 
around it causes helium to vent automatically 
from open-ended ducts at its bottom. A theo- 
retical “zero-pressure line" can be drawn to 
represent the equilibrium point between the 


balloon's interior pressure and the outside 
air; in this case it falls below the duct open- 
ings and venting takes place. As the balloon: 
continues to rise and vent helium, it reaches 
a point where its lift exactly equals its 
weight—and it floats without losing anymore. 
helium. In this state the zero-pressure line 
falls at the bottom of the balloon. 

A balloon that is descending (due to night- 
time cooling and resulting contraction of its 
helium) assumes a pinched, elongated 
shape. The zero-pressure line indicates the 
bottom of the helium bubble, which no longer 
fills the interior. In this state, the lift provided. 
by the reduced volume of helium is less than. 
the craft's weight; unless ballast is dropped 
or solar warming occurs, the balloon will con- 
tinue to descend all the way to the ground. 

The superpressure anchor balloon (above. 


right) is a tough-skinned air-filled sphere. In 
its passive mode, the anchor balloon con- 
tains slightly pressurized air that becomes 
relatively heavier as the helium balloon drags 
it into thinner, lower-pressure air at higher al- 
titudes. Conversely, it becomes relatively 
lighter in relation to the outside air as it de- 
scends. By effectively varying its weight, the 
passive anchor balloon rounds off the sharp 
altitude peaks and valleys ordinarily traced 
by a helium balloon as it responds to the 
warming sun and the chilling night. 

In the active mode, a fan and release valve 
add or subtract air from the anchor balloon, 
causing it to gain or lose weight as the helium 
balloon begins to ascend or descend. A well- 
designed active anchor balloon can hold its 
companion helium balloon at a steady alti- 
tude day and night.—S. F. B. 
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t should have been the greatest leap forward in as- 
tronomy since Galileo. It should have seen farther, 
deeper, and more acutely into space and time than 
any instrument the hand of man had fashioned. 
Perhaps it will, some day. But for now, the Hubble 
Space Telescope, an orbiting satellite that whirls 
around Earth 16 times a day, is a myopic Cyclops, its 
fuzzy vision caused by a fatal flaw in its 94-inch pri- 
mary mirror. It is a staggering disappointment to astron- 
omers everywhere, a red-faced embarrassment for NASA 
and its contractors, a major setback for the backers of big 
space projects and for the lawmakers who had appropriat- 
ed the $1.6 billion investment in Hubble, and another 
blow to the taxpayers—already sensitized by space shuttle 
failures —whose pockets had supplied the dollars. 

“Its a tragedy, it’s incredibly disappointing,” moaned 
Sidney C. Wolff, director of the National Optical Astrono- 
my Observatories in Tucson, Ariz. “We had planned to get 
a whole new view of the universe.” 

Princeton University astronomer James Gunn, who had 
hoped to use one of Hubble’s high-resolution cameras to 
obtain revealing images of distant galaxies and quasars, 
sent an outraged tirade by electronic mail to colleagues, 
calling the Hubble “fiasco” “probably the most expensive 
scientific failure in history,” and blaming the astronomical 
community for allowing NASA and the aerospace industry 
to manage scientific projects. 

Sen. Albert Gore, chairman of the subcommittee on sci- 
ence, technology, and space, said: “NASA's eyes are bigger 
than its stomach. We owe it to the taxpayers to find out 
what went wrong, how to fix it, and to make sure it never 
happens again.” 

The wound was all the more painful because of the great 
expectations for Hubble. With a bevy of exquisitely sensi- 
tive instruments designed to observe in both visible light 
and ultraviolet, and an orbit 380 miles above the distor- 
tions imposed by Earth’s atmosphere, Hubble was sup- 
posed to detect objects 50 times fainter than those that can 
be seen with Earth-bound telescopes. It was to answer 
some of the most fundamental questions in science: How 
big is the universe? When did it begin? Are there other 
worlds like ours? What is the mass of a black hole? What 
supplies the titanic energy of quasars? 

Unless Hubble’s problems can be overcome, at least 
some of these questions will go unanswered. 

The trouble with Hubble began long before its launch on 
the shuttle Discovery on April 24. First proposed as an 
American project by Princeton astronomer Lyman Spitzer 
in 1946, the project has been beset by delays, management 
snafus, and cost overruns. 

The primary mirror took a punishing five years to grind 
and polish, and when it was finished in 1981 had cost 
some $3 million more than was budgeted. Various glitches 
advanced the original 1983 launch date to the fall of 1986. 
Then came the fatal Challenger accident, and all shuttle 
launches were suspended for almost three years. (Hubble 
needs a shuttle to be lofted into orbit. It is 42.5 feet long, 
about the size of a Greyhound bus, and weighs 127.5 tons. 
It barely fits into the shuttle’s huge cargo bay, with just a 
measly inch of clearance.) After shuttle flights resumed, 
Hubble was scheduled to go in June 1989, then slipped to 
February 1990 and then to April. Finally, on April 24, 
1990, the most sophisticated astronomical instrument ev- 
er built left Earth’s surface for a 15-year mission that 
would bring a new era in our understanding of the cosmos. 

But the troubles were not over. They continued with the 
deployment of the telescope, a day after the launch. The 
first operation after Hubble had cleared the shuttle bay, 
but while it was still tethered to the shuttle, was to open 
its two antennas, uncoil the solar array masts, and unfurl 
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THE 
TROUBLE 


WITH 
HUBBLE 


A nine-year-old blunder threatens the 
mission of the most sophisticated or- 
biting satellite ever launched. How 
did it happen? Can Hubble still delve 
the cosmos? 


By ARTHUR FISHER 


the twin solar panels. Both operations ran into problems. 

The antennas are four-foot dishes on 10-foot masts. 
When ground-based controllers commanded one of the 
dishes to swivel, it was blocked—before it could complete 
its travel—by a loop of cable. 


scope; it shut the telescope down rather than permit 
the antenna dish to strain against the cable. 

"The telescope is like a hedgehog—a very sophisticated 
one," says Stephen Maran, a senior staff scientist at 
NASA's Goddard Space Flight Center in Greenbelt, Md., 
and one of the co-investigators on Hubble. “If anything 
goes wrong, it rolls up in a ball. But there is a whole hier- 
archy of safe modes, from benign ones to very serious ones. 
In a benign mode you lose the research you were doing, 
but you don't close the door of the telescope and shut down 
the power on everything you can think of." In some situa- 
tions the computer will change the pointing of the tele- 
scope to get the solar arrays to face the sun as much as 
possible. Then it has to close the telescope door to keep di- 
rect sunlight from damaging the instruments. The tele- 
scope has safed itself at least half a dozen times, Maran 
says, in a variety of ways. 


T he on-board computer immediately “safed” the tele- 
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Above: Hubble is freed from the 
cargo bay of shuttle Discovery, 
with solar panels and antennas 
deployed. Far left: Technicians in- 
spect the 94.5-inch primary mir- 
ror of the telescope after it has 
been polished. Left: Exploded 
view of the mirror shows its 
components. The front and back 
plates are made of fused quartz 
and sandwich a honeycomb core. 
A 2.5-millionths-of-an-inch layer 
of reflective aluminum is protect- 
ed by a one-millionth of an inch 
overcoat of magnesium fluoride. 
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SOLAR ARRAYS —— 


As a result of that first glitch, the antenna dish cannot 
swivel through all of the arc originally planned, and the 
time during each orbit that Hubble can communicate (via 
the Tracking and Data Relay Satellite System) has been 
reduced by a small but non-trivial amount. “We just had to 
rewrite the software,” Maran says. 

Unfurling the solar arrays also triggered a “safe” be- 
cause of an event that seemed even more threatening. The 
arrays, made of "»-inch-thick Mylar film, each eight feet 
wide and 39 feet long, are propelled into their open state 
by the uncoiling of a helical metal tape. But the computer 
detected a tension in one array that was higher than the 
permitted limit and stopped the procedure. 

“That was serious,” says Maran. “If the panels don’t un- 
furl, you have to have an EVA [extra-vehicular activity] 
right away. The battery is dropping rapidly, and you’ve got 
to get the solar arrays working to charge it quickly, or hook 
it up to an umbilical. If the battery goes dead for a couple 


Hubble uses a Ritchey-Chretien variation of the Cassegrain telescope design. Incoming light hits a large, concave 
vex mirror, which focuses the light back through an aperture in the main mirror to a bevy of instruments. Both mirrors 
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of hours, there is equipment on board Hubble that will fail, 
because it gets too cold.” 

In fact, two of the Discovery astronauts started suiting 
up and rebreathing oxygen. But when the crew looked out 
a shuttle window, they could see no sign of the extreme 
stress in the panel the computer had signaled. They decid- 
ed to override the computer and continue the operation, 
which was successful. 


weeks in orbit. Astronomers and engineers puzzled 

over the telescope’s apparent confusion over just 
which stars to aim at. The fault lay in devices called fixed- 
head star trackers, three little telescopes in the mid-sec- 
tion that are responsible for first approximations to pre- 
cise aiming. (By contrast, the three fine guidance sensors 
are capable of locking on to a star that subtends an angle 
of only 0.007 arc second—equivalent to the diameter of a 


0 ther problems arose during Hubble’s first days and 


HUBBLE’S TROUBLED PAST 


1923 Germon space writer Hermann Oberth speculates for 
the first time on the possible value of placing an astronomical 
telescope in Earth orbit. But the idea lay dormant until the ropid 
development of rocketry in World War Il. 

1946— Princeton astronomer Lyman Spitzer writes a study ti- 
fled “Astronomical Advantages of an Extraterrestrial Observato- 
ry,” noting that only a telescope above Earth's atmosphere can 
record ultraviolet radiation from heavenly bodies. 

1962—A group of scientists organized for NASA by the No- 
tional Academy of Sciences to study the future of space science 
recommends the development of a large space telescope as a 
long-range goal of the nation’s space science activities. 

1973— NASA selects a group of scientists o consider both the 


basic design of the telescope and the instruments it will have. 
1974-78—The space telescope program is in danger of be- 
ing postponed indefinitely or being canceled altogether as the re- 
sult of repeated Congressional and executive budget reviews. 
1977—Congress finally approves NASA's recommendations 
and authorizes the Large Space Telescope. Perkin-Elmer is chosen 
to build the optical assembly ond Lockheed Misiles & Space Co. is 
chosen to build the support structures and assemble the compo- 
nents of the complete satellite. Launch is scheduled for 1983. 
1983— Science instruments are delivered to NASA for testing, 
but completion of the observatory has fallen behind schedule. 
The program is renamed the Hubble Space Telescope after Edwin 
P. Hubble, discoverer of the expansion of the universe. 


1985—Assembly of the spacecraft is completed, and launch is 
rescheduled for 1986. Technical problems couse postponements. 
1986—The shuttle Challenger explodes, killing its crew of 
seven astronauts. Without shuttle flights, Hubble is grounded in- 
definitely. 

1989-90—The Hubble launch slips from June 1989 to April 
1990. 

April 24—Hubble is launched aboard Discovery. 

April 25—The telescope encounters problems with the de- 
ployment of its solar panels and antennas. Soon other prob- 
lems—with vibration and pointing stability —emerge. 
Mid-June—Hubble scientists learn that the telescope's optics do 
not focus properly. 
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dime in a window of the John Hancock Building in Boston 
as seen from the top of the Washington Monument.) 

“The fixed-head star trackers were not working well,” 
says Maran. “They were homing in on the wrong stars. 
They depended for orientation on a star catalog that had 
been assembled by astronomers, and it turned out that the 
catalog had mistakes that needed to be corrected. Also, all 
three were supposed to have square fields of view, but one 
of them was delivered with a round field of view, accompa- 
nied by an apologetic note from the manufacturer. But the 
note got lost in the system over the years. So this star 
tracker was missing stars in the corner of the field because 
it had no corners.” 

These errors, and the fact that the star trackers are 
more sensitive (and thus more easily confused) than they 
were supposed to be, are being compensated for by 
changes in the data base of the ground system. 


ore grievous is a problem that was still plaguing 

Hubble in late July: vibration. Every hour and a 

half in its whirl around the globe, the satellite 
crosses the terminator—the boundary between night and 
sunlit day. The temperature change from bitter cold to 
warmth happens in a span of just 90 seconds; this “snap” 
starts the solar panels jiggling, perhaps beginning in the 
helical metal tapes; and then the whole telescope begins to 
tremble, 

“That can cause you to lose pointing control,” says 
Maran, “and you certainly can’t keep a star in a tiny slit. 
This is the first problem that made people in authority on 
the space telescope project really worried.” 

Jean Olivier, the deputy project manager for Hubble 
and the mission’s chief engineer, made plain what the wor- 
ry was. Unless the vibration problem is solved, he said, “we 
do not have a space telescope.” 

Hubble’s designers anticipated some vibration as being 
inevitable, and incorporated compensation for it: a closed 
loop system with gyroscopes and inertia wheels. But the 
amplitude and frequency of the thermally induced vibra- 
tion amount to more than the present control system can 
cope with. The hope is that new computer software being 
written by Lockheed (builder of the spacecraft itself) will 
reduce the vibration by at least a factor of 60—perhaps as 
much as 100—and make it possible for the telescope to do 
useful work. 

Telemetering new software up to Hubble is not without 
risks; there is concern lest damaging errors be introduced. 
“It’s like changing a spark plug while driving down the 
road,” says Olivier. “You've got to be careful." 

All of these troubles—the vibration, the pointing confu- 
sion, the problems with the antennas and solar array— 
were but premonitory rumbles compared with the earth- 
quake that rattled the space establishment: the discovery 
that Hubble's vaunted vision was so blurred the mission 
would not be able to realize more than a fraction of its sci- 
entific goals. It was as if an eagle had turned into a bat. 

The discovery came in June, after the telescope had fin- 
ished its coarse-focusing phase and was entering the criti- 
cal fine-focus phase. Ground controllers took a series of six 
images of the bright star lota Carina with the wide 
field/planetary camera, or WFPC. This visible light cam- 
era operates in two modes: a wide-field mode for imaging 
galaxies and quasars, including those billions of light- 
years from Earth; and a planetary mode for imaging the 
entire face of a solar system planet (except Mercury, which 
is too close to the sun) in a single exposure. 

For each of the six exposures, made in the wide field 
mode, controllers commanded the 12-inch convex sec- 
ondary mirror to move to a different position along the op- 
tical axis—nearer or farther from the primary mirror. One 


of these images should have shown a dramatically im- 
proved focus. But to the dismay of controllers and as- 
tronomers alike, the image could not be sharpened, no 
matter how the mirror was moved. 

Steve Maran recalls being alerted on the morning of 
June 26 to devote all day and all night to studying *what 
an image quality this bad would mean for our science." 
The next day NASA released the bad news. 

The nature of the flaw was immediately apparent from 
the blurry images. Star pictures that should have been 
points were instead surrounded by a fuzzy halo, character- 
istic of the optical defect called spherical aberration. With 
it, the light rays reflecting from a mirror (or passing 
through a lens) do not all focus at the same point. Parabol- 
ic mirrors are supposed to eliminate spherical aberration; 
both of Hubble's mirrors are hyperboloidal, a shape that 
avoids both spherical aberration and another aberration 
called coma off-axis. 

NASA engineers created computer simulations of im- 
ages that would have resulted if Hubble's mirror system 
had different degrees of distortion in its curvature. When 
they ran one that corresponded to the spherical aberration 
resulting from a deviation of only one-half a wavelength of 
light—about one-fiftieth the width of a human hair—it 
closely matched the actual Hubble pictures. From further 
computer analyses of the faulty images, it seems almost 
certain that the flaw is in the big primary mirror, not the 
small one, and not in both. 

James Westphal of the California Institute of Technolo- 
gy and the principal investigator on the WFPC called the 
flaw a "textbook, classic" example of spherical aberration. 
It is so symmetrical that NASA experts believe it must 
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have been ground in, and not a de- 
sign error. 

Testifying before Sen. Gore’s sub- 
committee, Lennard Fisk, NASA’s 
chief scientist, said that the primary 
mirror seemed to have been as 
smoothly polished as specifications 
called for—no bumps or pits taller 
than a half-millionth of an inch. In- 
stead, he said, there seemed to be a 
systematic, symmetrical error in the 
mirror’s curvature. “In other words,” 
he said, “it appears to be perfectly 
wrong.” 

“We suspect,” Olivier said on June 
27, “that the methods used to measure 
the figure [curvature] of the mirror 
during manufacture, which are very 
complex, resulted in the mirror being 
very precisely made, but to the wrong 
figure.” 

The blow to the Hubble team was 
particularly stunning because, as 
Maran says, “It was the last thing in 
the world anyone thought would be 
defective. 

How could such an error go unde- 
tected? 

The whole question is an exceeding- 
ly complex one, because of the exotica 
of mirror testing, an art more arcane 
than necromancy. Some experts have 
lambasted NASA for not doing an 
“end-to-end” or “all-up” test, in which 
both large and small mirrors would 
have been tested as an ensemble. 
NASA's Olivier responded that the 
agency had considered but rejected 
such a test, which he said would have 
cost hundreds of millions of dollars be- 
cause a special facility would have 
had to be built. Other experts coun- 
tered that a test could have been per- 
formed for only $10 million. 

The irritated sensibilities of law- 
makers and astronomers were not 
soothed by the revelation that East- 
man Kodak Co., the losing bidder on 
the Hubble telescope, had included in 
its bid a $10 million test that would 
have detected the flaw. Moreover, the 
Kodak proposal called for another 
company, Itek Optical Systems, to 
build a second, identical primary mir- 
ror. Having two different mirrors and 
two different testing methods, the bid 
said, would ensure the accuracy of at 
least one of them, and that one would 
be used on Hubble. 

In fact, NASA ordered a backup 
mirror from Eastman Kodak while 
awarding the telescope contract to 
Perkin-Elmer. The former chief Hub- 
ble scientist, C. Robert O'Dell (now of 
Rice University), believing the Kodak 
mirror to be optically superior to 
Perkin-Elmer's, urged its use, but he 
was overruled because NASA admin- 
istrators felt it would poison the pro- 
ject to choose the losing bidder's prod- 
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uct over that of the prime contractor. 
That backup mirror now resides in a 
wooden crate in Danbury, Conn. 

What makes the story even more 
complicated is the role of the military, 
spy satellites, and a rumored high- 
level tug of war between NASA and 
the Pentagon. It is well-known that 
spy satellites, also built by Perkin- 
Elmer, use a telescope similar to Hub- 
ble's, with the difference being that 
theirs is pointed down instead of up. 
Those telescopes are routinely tested 
end-to-end at ground-based facilities. 

William Burrows, an authority on 
spy satellites and author of the book 
Deep Black—Space Espionage and 
National Security, says “It mystifies 
me why the Hubble telescope wasn't 
tested end-to-end. It was assembled 
by Lockheed in the same building 
used to assemble the spy satellites. It 
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could and should have been tested in 
the same way they are.” 

Because of the shroud of secrecy 
over space espionage, the facts may 
never be wholly known. But there are 
reports that the Air Force offered 
NASA the use of such a test facility 
some 10 years ago, but was refused, 
possibly because the military wished 
to impose too stringent security. 

NASA has appointed a commission 
chaired by Jet Propulsion Laboratory 
director Lew Allen to investigate the 
mirror error. It includes both NASA 
and non-NASA experts, such as Roger 
Angel, head of the mirror laboratory 
at the University of Arizona’s Stewart 
Observatory. Their task will involve 
following a lengthy paper trail of rec- 
ords both from the mirror maker, 
Perkin-Elmer (now Hughes Danbury 
Optical Systems), and from NASA's 
Marshall Space Flight Center. The 
commission's labors will probably not 
be completed and a report rendered 
until October. 


Allen has promised that his review 
panel would disclose not only how the 
mirror fiasco came about but also who 
was responsible. ^We know the most 
likely outcome of our investigation 
will be a result that is very embar- 
rassing to someone or some group." 
The question is whether the fault lies 
with the contractors, NASA, or both. 

Wherever the buck stops, the mir- 
ror's imperfection has led to a hurried 
reassessment of what science Hubble 
is still capable of. “We were expecting 
to have seventy percent of the incom- 
ing light focused within a circle whose 
diameter is a tenth of an arc second," 
says Maran. “We designed our scienti- 
fic instruments around that specifica- 
tion and the whole science program. 
What we'e getting now is about ten 
percent going into that circle and sev- 
enty percent into a halo of about 0.7 
arc second. 

Most severely affected are those pro- 
grams—and instruments—involved 
in the imaging of the faintest objects 
and those demanding the highest de- 
gree of spatial resolution —the ability 
to discriminate between two close-to- 
gether stars. 

Worst off is the WFPC. Edward 
Weiler, Hubble program scientist at 
NASA headquarters, stated dejectedly 
that the instrument—meant to be 
Hubble's workhorse—would be so de- 
graded that it might simply be turned 
off, and its heavy share of observing 
time—some 40 percent—allocated to 
other instruments that suffered less 
impairment. 

The spectrographs, which don't form 
images, are less affected. But NASA 
spokesmen, in an initial rush to take 
some of the curse off the bad news, 
may have downplayed the losses that 
these instruments too will endure. 

"NASA has said that our own in- 
strument, the Goddard High-Resolu- 
tion Spectrograph, will be least affect- 
ed," Maran says, "and that we can do 
about seventy-five percent of the sci- 
ence we intended. What that doesn't 
tell you is that because we won't be 
able to get all the light from a star it 
will take much longer to do it, and it 
won't be done as well." 

Can Hubble be fixed? The answer is 
a conditional yes. 

The working plan for repairing 
Hubble's misty vision is not to fix the 
telescope as such, but to put corrective 
spectacles in the form of small curved 
mirrors on new instruments that will 
replace the present ones. Because the 
aberration does seem to be a straight- 
forward one, NASA optical scientists 
and engineers should be able to de- 
duce the right "prescription" from the 
images obtained by the wide-field and 

[Continued on page 100) 
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IRyounwant thefieht spark plugs for your 


import, you really dont haveto.look far at all, Just 


open your-owner's manual. 


Chances are, spelled out in: black and white, 
you'll see a listing for your cars spark plug specifi- 
cations. And without searching much further, you'll 
find that the brand.which meets those specs per- 


fectly is NGK. 

Unfamiliar as NGK may. be to. you, its long 
been the number one choice of engine builders 
worldwide. Above AC-Delco. Above Autolite. 
Above Motorcraft, Bosch and even Champion. 

You see, no one else in the industry works 


© 1990 NGK Spark Plugs (US Al, Inc 


with engine builders like NGK to design the pre- 
cise plugs your import needs. -Not only to meet 
todays strict standards for leaner-burning engines, 
but for maximum ignitability, power, fuel efficiency 
and prolonged life. 

‘Next time you replace your spark plugs, 
insist on the brand that's chosen by more engine 


builders than any 
NGK 
1 = 


other. Ask for NGK. 
Because, if it's 
RIGHT FROM THE START. 


humanly possible, 
well have the right 
plug for your car. 


NGK Spark Plug Co. LTD 


In September, Mitsubishi 
launched the new 3000GT. 
Never has the term 
“launch” seemed more 
appropriate. 


The term "launch" usually refers to the 
lavish public introduction of a new car. 

With the Mitsubishi 3000GT, it more 
accurately describes what happens when you 
turn the key, shift into gear, and step on the 
gas pedal. 

Six cylinders, 24 valves and twin inter- 
cooled turbochargers produce 300 horsepower 
at 6000 rpm. And 0-60 mph times in 5.6 
seconds* 

Mitsubishis exclusive VR-4 technology 
provides an appropriately sophisticated guidance 
system. It integrates all-wheel drive, four-wheel 
steering, four-wheel independent suspension 
and four-wheel anti-lock brakes. Giving you a 
degree of control that is rarely approached even 


in the most expensive exotics. 

In fact, the 3000GT VR-4 might be the 
most exotic sports car in history. With its exclu- 
sive Active Aero System” to further stabilize the 
car above 50 mph. An electronically self-adjusting 
suspension. Active Exhaust™ to reduce exhaust 
noise in populated areas. Only the price is 
unexotic—under $31000** 

Call 1-800-447-4700 for your nearest 
Mitsubishi Motors dealer, who would be glad to 
help you achieve lift-off. 


MITSUBISHI 


The word is getting around. £x 


t may resemble something from 

science fiction, but this three-spoke 

wheel is likely to draw attention 

for more reasons than its looks. 
Called the Aero Wheel, it was 

recently introduced by Specialized 

Bicycle Components of Morgan 

Hill, Calif. Aiming to make the 
fastest bicycle wheel ever, company 
founder and president Mike Sinyard 
—a cycling enthusiast—teamed up 
with Mark W. Hopkins, a fellow cy- 
clist and senior engineer at Du Pont’s 
Advanced Composites Division. 

They set out to produce a wheel for 
racing bikes with the speed of a solid 
disc wheel, but without the disc’s short- 
coming: instability in crosswinds. 

Because it has a large surface area, 
a disc wheel mounted on the front of 
a bicycle can make steering difficult 
because of side-wind forces. A conven- 
tional spoke wheel avoids this prob- 
lem because of its large open area, but 
the spokes can generate turbulence, 
which cuts speed. 

To create a better 
wheel, the designers 
borrowed some tricks 
from aircraft design. “If 
we were designing an 
airplane, we would have 
gone through the same 
steps we went through 
for the wheel,” says 
Hopkins. 

Using data on coef- 
ficients of drag from 
NASA tests on airfoils, 


This image, from Du Pont’s Cray supercomputer, 
shows a computer model of the wheel. 


REINVENTING 
THE WHEE 


By MARCELLE M. SOVIERO 


they created a wheel with three spokes. 
The spokes act as airfoils to cut drag 
and are optimized for speeds of 25 to 
35 mph. The rest of the wheel’s area 
is open to allow wind to pass through. 
The airfoil data were then fed into a 
computer, which guided a milling ma- 
chine to cut a full-sized prototype. 
Next the designers needed to find 
the right material for the wheel. 
Knowing that only composites could 
offer both high strength and low 
weight, Frank Principe and Kevin 
Kelleher, also Du Pont engineers, used 
Du Pont’s Cray supercomputer to an- 
alyze different combinations to see 
how they would affect performance. 
The result is a wheel made of car- 
bon fibers, Kevlar aramid fiber, and 
an epoxy resin. The aluminum rim 
can take sew-up or clincher-type tires. 
Even though the wheel is made of 
composites, it still weighs about 300 
grams more than standard spoke 
wheels, but this shouldn't be a prob- 
lem. “The aerodynamic advantages 
outdo the weight disad- 
vantage," says Hopkins. 
He says computer pre- 
dictions based on data 
from wind-tunnel tests 
show that, all else being 
equal, two Aero Wheels 
on a bike will cut 10 
minutes off a racer's 
time in a 100-mile race. 
Of course, this is not 
without a price—$750 
per wheel 


Why it takes legwork to 
flatten your stomach 


You can't reduce stomach 


isi Adjustable Arm Tension 
fat by ge plead Adjustable upper body exerciser works the 
abdominal muscles alone. major muscles of the abdomen, shoulders, back 
Research has shown that and arms for maximum aerobic conditioning. 


exercises that work only the ab- 
dominal region are not effective. 
They simply don't involve enough 
muscle mass to burn the calories 
necessary to trim fat. Instead of 
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flattening, they merely strengthen Speedometer 
underlying muscles, providing displays elapsed 
no reduction in girth, fat- pese ime, 
folda, y total body fan distance traveled at 
a- a glance. 


The exclusive 
NordicTrack® 
total-body aerobic 
exerciser is the most 

effective way to flatten 


Monitor Aerobic Efficiency 
Optional pulse meter provides digital 
readouts of pulse rate and elapsed 


your stomach. workout time. 
The total-body motion involves 

all major body muscles. Which 

means you burn more body fat in 

less time than with any other in- Adjustable Leg Tension 


home exercise machine. And while 
you're at it, you're toning and 
defining those muscle groups, as 
well. So you feel as good as you 
look. 


Adjust the machine to precisely meet your 
conditioning and weight-loss requirements. 


Patented Flywheel Free information. 
One-way 

clutch Call today. Or fill out the 
mechanism coupon below. We'll 
provides continuity send you a free 


of motion making 
vigorous exercise 


brochure and video 
that describe how Nordic- 


more pleasant and i Track can flatten your 
easier to sustain. , E stomach and make you look 
and feel your best. 
Non-Jarring Motion " 
Smooth, jarless pui) mn T"——— ao 
ensures maximum workout ^ 
efficiency while minimizing the Adjustable Legs [ Free Brochure & Video | 
risk of injury to knees, shins and Raise the front of the Call Toll Free 1-800-328-5888 
back. machine to intensify In Canada 1-800-433-9582. 
workout. | O Please send me a free brochure. | 
O Also a free video tape O VHS O BETA 
Name | 
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revolution in the 
availability of elec- 
tronic antilock bra- 
king systems will 
bring safety advan- 
tages to the buyers 
of mainstream do- 
mestic cars in 1991. 
Once costing upward of $1,200, the 
price of ABS is expected to fall below 
$400 soon. The first of a new genera- 
tion of reasonably priced antilock 
systems is Delco Moraine’s ABS VI, 
installed as standard equipment on 
some 1991 models of the Buick 
Skylark, Oldsmobile Cutlass Calais, 
and Pontiac Grand Am. The eagerly 
awaited Saturn coupe and sedan 
from General Motors will also be 
available with ABS VI when the car 
debuts in late fall. 

Because the Delco Moraine an- 
tilock brake system will not be of- 
fered as a stand-alone option in 1991, 
the actual price tag is impossible to 
determine. Sources at GM insist that 
the inclusion of ABS VI as standard 
equipment will not cause sticker 
shock by inflating the overall price of 


A new design strategy is 
making the safety advan- 
tages of ABS more 
affordable. 


By BRIAN NADEL 
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those models. And, when the system 
is available as an added-cost option, 
the price to the car buyer will likely 
be between $350 and $400. This is 
the first tangible development in ful- 
filling GM’s promise of making ABS 
available on every model by 1995. 
Chrysler and Ford are less exact as 
to their target dates and prices for 
across-the-board ABS, but appear 
committed to having this safety de- 
vice available for all car buyers by 
the middle 1990s. Replacements for 
the present generation of Japanese 
compact sedans are expected to incor- 
porate antilock systems that are al- 
ready available in the home market. 
The ability of ABS to prevent 
wheel lockup in a panic stop by pre- 
cisely modulating brake pressure is 
well-known, having been available to 
buyers of sport and luxury cars in 
this country for six years and for 
more than a decade in Europe. For 
the average driver this has meant re- 
duced stopping distances on slippery 
road surfaces, but the more profound 
outcome of this sophisticated technol- 
ogy is that the front wheels continue 
rotating and will respond to steering 
inputs [“Now: Skid-Control Brakes,” 
Nov. '84]. You can't violate 
the laws of physics: If < 


the front wheels lock, BE ge. 


controlled by its mo- 


the car's trajectory is h o ~ 
| 


mentum, and wrestling with the 
steering wheel has little or no effect. 
ABS goes beyond advances in passive 
safety, like seat belts and air bags, by 
adding an active dimension, hopeful- 
ly enabling a driver to prevent an ac- 
cident, not just survive one. 


uch like recent trends in per- 
sonal computers and home 
electronics, the pace of tech- 
nological growth in ABS makes the 
new generation systems available to 
a wider group of buyers. Specifically, 
Delco Moraine engineers were able to 
reduce the cost of ABS VI by simpli- 
fying the hardware and devising an 
innovative hydraulic modulator, the 
device that pulses brake fluid pres- 
sure to prevent wheel lockup. As a 
secondary benefit, the action of the 
ABS VI system has little of the 
brake-pedal pulsation that’s present 
in most systems. 
Conventional antilock systems 
work on variations of the 
same theme: In- _ 


ductive wheel speed sensors detect 
the onset of wheel lockup by constant- 
ly looking for one wheel getting out of 
step with the rest. At this point, con- 
trol of the brakes is effectively taken 
over by the ABS digital computer and 
hydraulic modulator until the car 
stops, the tire regains traction, or the 
driver releases the brake pedal. 


draulic pressure to actuate the 
brakes is alternately pulsed by 
the rapid opening and closing of sol- 
enoid valves to blow off pressure indi- 
vidually for each wheel, or, in some 
cases, for both rear wheels together. 
Brake fluid that flows through the 
solenoids is repressurized and stored 
in an accumulator for the next brak- 
ing. The driver feels pressure return- 
ing to the system as pedal pulsations. 
By contrast, Delco Moraine’s ABS 
VI adjusts brake-line pres- 


XL a 


M. 


[ n most ABS installations, hy- 


motor-driven pistons in the hydraulic 
modulator. When the computer de- 
cides that antilock control is needed, 
an electromagnetic brake on each mo- 
tor is released, allowing them to spin 
independently to 7,000 rpm (see illus- 
tration). The motor drives the pistons 
downward through a gearbox and 
screw jack mechanism from the full 
upright position, seating a check 
valve that seals the system; a 
solenoid isolates the action at the 
modulator from the brake pedal. All 
the driver feels is a gentle quivering 
of the pedal, not the staccato se- 
quence of solenoid 


gain adequate traction, the pistons 
move up to reapply the brakes. As an 
example, on the Pontiac Grand Am 
there is a motor pack, chamber, and 
piston for each front disc brake; the 
rear-wheel drum brakes are separate- 
ly monitored, but the brakes are 
pulsed in tandem. 

“Theoretically this system provides 
us with better brake control because 
there is a relationship between the 
current the motor draws and the 
pressure in the system that is used in 
a feedback loop," explains William 
Gillespie III, Delco Moraine's techni- 


valves popping open 
and closed. 

The more the pis- 
tons move down, 
the larger the cham- 
ber's volume, re- 
ducing brake pres- 
sure along the way; 
when the tires re- 


BRAKE LINE 


At the first sign of wheel lockup, ABS VI 
sure by moving three pistons through brake fluid chambers (see inset). 


PISTON ASSEMBLY 
E gn 
= 


WHEEL SPEED SENSORS. 


adjusts broke pres- 
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cal director for antilock brakes and 
traction control. This added control 
allowed designers to program the pis- 
tons to make partial excursions and 
even to adjust their speed to fine 
tune stops. Gillespie sums up the 
critical difference: We're not locked 
into the on-off action of the solenoids. 
We can adjust brake pressure to ex- 
actly where we want it to be.” 

Part of the cost reduction for Delco 
Moraine’s ABS VI is based on it being 
an adjunct to the car’s standard vac- 
uum assisted brakes, not a self- 
contained, fully hydraulic antilock 
brake system. This allowed Delco 
Moraine engineers to use existing 
master cylinder and brake compo- 
nents, reducing both manufacturing 
and assembly costs. There is an 
added bonus of an add-on ABS: The 
modulator can be placed anywhere in 
the car, greatly increasing flexibility 
in an era of crowded engine bays. 

Under a worst-case braking sce- 
nario—let’s say, slippery surface, 
heavy vehicle, and worn brakes, com- 
pounded by very high temperatures 
—Gillespie says that the ABS VI 
now installed in new models can 
pulse the brakes up to seven times a 
second. 

Other manufacturers of ABS 
equipment—notably Bendix Automo- 
tive Brake Systems, Robert Bosch 
Corp., and ITT Teves—believe that 
the system needs to respond about 
twice as fast to deal effectively with 
treacherous road conditions. While 
two or three braking cycles per sec- 
ond is appropriate for wet asphalt, a 
panic stop on ice might require 10 to 
15 cycles per second to maintain con- 
trol. Many current antilock systems 


have the ability to pulse the brakes 
at that level, among them the Bosch 
ABS 2U used on current Mercedes- 
Benz models. 

Lately, the emphasis at Bosch’s 
Broadview, Ill., research facility has 
been on reducing cost without com- 
promising the reliability or perfor- 
mance of the unit. Says Josef Mack, 
Bosch’s manager for antilock brakes 
and traction control, “We’ve been 
looking at areas that were designed 
with the belt and suspenders ap- 
proach. In some instances we think 
we can get by with just suspenders 
and not have our pants fall down.” 

In addition to reducing the number 
of components from 140 in the origi- 
nal 1978 design to 40 today, the evo- 
lution of three specific parts has 
brought the car buyer’s price for the 
Bosch system down to about $800: re- 
placing a custom-designed integrated 
circuit with a microprocessor, which 
is less expensive than an IC; going 
from an expensive forged-aluminum 
modulator housing to an extruded 
part; and substituting plastic wheel 
speed sensors for stainless-steel 
parts. Also, the solenoids have been 
redesigned for ease of manufacture. 
B supplier of antilock brakes to 

Chrysler, has gone a step fur- 
ther. By redesigning the solenoids to 
cut actuating time in half (from 10 to 
5 milliseconds) they were able to 
eliminate four solenoids in their new 
Antilock 6 design. Reducing the size 
of moving parts while increasing the 
magnetic power of the solenoids was 
key to the performance improvement. 

With ultra-fast solenoids at their 
disposal, designers were able to elim- 
inate the “hold” solenoids that had 
been used to stabilize pressure be- 
tween brake pulses. These faster-act- 
ing modulation solenoids are pro- 
grammed to flutter rapidly between 
the opened and closed positions, 
mimicking the hold function. 

Antilock 6 uses four solenoids to 


endix of South Bend, Ind., a 


modulate fluid pressure and two 
solenoids to isolate the master cylin- 
der from the modulation unit. One of 
the engineering goals for Antilock 6 
was reducing brake-pedal movement 
to the minimal amount. 

Chrysler reports that Antilock 6 
will be an option on the '91 Dodge 
Spirit and Daytona, the Chrysler LeBa- 
ron sedan, coupe, and convertible, and 
the Plymouth Acclaim for approxi- 
mately $750—a $150 savings over 
the Antilock 10 unit on the '91 minivan. 

Two other novel ABS approaches 
are restricted to Europe. The Lucas 
Girling Stop Control System relies on 
a belt drive from each of the car’s 
front wheels to convey both speed in- 
formation and power the all-mechan- 
ical system that pumps the brakes 
(“Breakthrough in Anti-Skid Tech- 
nology,” Sept. ’86]. SCS has yet to 
achieve widespread acceptance and is 
only available on certain Ford Escort 
models in Europe. The FaTec C2 ABS 
is another attempt at reducing cost 
by using pressure pistons rather than 
solenoids to modulate brake pressure 
(see box, Mechanical ABS: the 
Smooth Stop). 

Is ABS a panacea? No, because 
ABS can never be better than the 
car’s base brake system, and a 
trained test driver can outperform 
ABS with subtle movement of the 
brake pedal. But a study of European 
accidents indicates that collisions 
could be reduced by 10 to 15 percent 
with widespread acceptance of ABS. 
If these data are applicable to the 
United States, where driving condi- 
tions are admittedly different, 5,000 
deaths and $7 billion of damage 
might be avoided yearly. Indeed, in- 
surance companies have recently 
jumped on the ABS bandwagon, of- 
fering up to a 10 percent discount on 
ABS-equipped cars. 

The consensus is that under almost 
all situations, ABS gives shorter 
stops and better control. The excep- 
tions are sand, gravel, or freshly fall- 
en snow. Locking the wheels may be 


ANTILOCK BRAKES: PRICE AND PERFORMANCE 


 SYSYEM — — | AVAILABILITY PRICE 
DELCO MORAINE 
ABS VI 1991 
uum m 
(9 
ANTILOC Ms 
nun ws 


80 | POPULARSCIENCE OCTOBER 1990 


MECHANICAL ABS: THE SMOOTH STOP 


BRAKE FLUID RESERVOIR 
OPERATION; = = 
The FaTec C2 ABS modulator shown at right attaches to the 
car's standard vacuum brake booster and automatically 
adjusts brake pressure by moving a motor-driven plunger 
through a fluid chamber for each brake circuit. When the 
electronic control unit calls for antilock action, the 
electromagnetic clutch engages the motor to pull the control 
lever and plunger down. This gradually increases the volume 
below the plunger and reduces brake pressure. The lever arm 
also pushes a tappet to close an isolation ball valve, so the 
pedal remains firm and doesn't pulse. With restoration of 
wheel rotation, the clutch is allowed to slip, raising the lever 
arm and plunger under spring tension, which reapplies the 
brakes. In the illustration, each front wheel has one chamber 
and the rear wheels share one. 


ADVANTAGES == = 


Stepless analog ABS avoids the choppy feel of solenoid-based 
ABS. 


DRIVE 
MOTOR 
BALL VALVE 
CONTROL 


VACUUM BRAKE 
BOOSTER 


Adaptable for either diagonal or front/rear brake split. 

Can be used for traction control. 

Coil springs store the energy needed to reapply brakes, 
eliminating the expensive hydraulic pump and accumulator. 


DEVELOPMENT MEM 


A joint project of VDO—the European automotive instrument 
maker—and FAG Kugelfischer—the originator of the antilock 
brakes featured on the BMW K100 motorcycle. 

FaTec C2 ABS was first used on Volkswagen's Futura 
concept shown at the Frankfurt auto show [“ANF,” 


Jan.].—David Scott 


DUAL COIL SPRINGS 


better from this point of view, but 
with ABS you still have control. 


he outlook for antilock brakes 

over the next couple of decades is 

a subject upon which normally 
sober engineers quickly turn to spec- 
ulation. All feel that the next chapter 
in the evolving ABS story is to inte- 
grate it into a traction-control system 
[*High Rollers," Nov. '89]. By pulsing 
the brakes and controlling engine 
output, wheelspin can be all but 
eliminated while driving, extending 
the gains ABS has made in braking 
to the acceleration mode. 

Ultimately, the more farsighted of 
those engineers I spoke with felt that 
ABS could be incorporated into a 
brake-by-wire arrangement, adding 
to the progress made by Bosch and 
BMW in their drive-by-wire systems 
on the BMW 750iL and 850i models. 
Michael Gatt, director of engineering 
for adaptive-braking and traction- 
control systems at Bendix, advises, 
"The system controlling the master 
cylinder would be similar, but much 
more sensitive to driver inputs. 
Eventually we see artificial intelli- 
gence assisting a brake-by-wire sys- 
tem. Imagine brakes that learn as 
they are used." 


ABS WITHOUT THE JITTERS 


Before test driving the new ABS VI system at 
the track, Delco Moraine let me try out a 
Japanese-market Honda Prelude with con- 
ventional antilock brakes as a basis of com- 
parison. While traveling at 50 mph over wet 
pavement, | stood on the brake pedal. The 
Honda felt jittery as the modulation solenoids 
pulsed rapidly. | was able to control the car 
on simulated panic stops midway through a 
sharp turn. While attempting the same ma- 
neuver with the antilock brake system off, 
the car careened wildly out of control. 

| then had an opportunity to test both the 
ABS VI and the Bendix Antilock 6 at each 
manufacturer's proving grounds. Under a va- 
riety of road conditions, stopping distances 
were markedly improved over non-assisted 
Stops, as would be expected. More impor- 
tantly, test data provided by each manufac- 
turer make it clear that these systems per- 
form on a par with more costly conventional 
antilock systems. In fact, Michael Gatt, direc- 
tor of engineering for adaptive-braking and 
traction-control systems at Bendix, says the 
driver would be hard pressed to tell the dif- 
ference between Antilock 6 and 10. Per- 
formance and feel are identical. 

Even with the left- and right-side tires on 
vastly different surfaces—a particularly trou- 
blesome situation brake engineers call "split 
mu" for the Greek symbol signifying the coef- 
ficient of friction—each system quickly 
brought the car to a controllable stop with 


minor steering input. As far as stability goes, 
| preferred Delco's piston-based system over 
the Bendix Antilock 6 for its ability to respond 
Quickly to changes in road surface. 

However, after the Delco Moraine ABS VI- 
equipped car comes to a stop, a curious 
thing happens: For an instant you can hear 
the motors whirring as the control pistons re- 
turn to the upper position so that the car's 
base brake system is now in control. 

The major difference separating these sys- 
tems from each other and the more estab- 
lished antilock hardware is what the driver 
feels and hears when the systems are acti- 
vated. Stopping with these systems is calm 
and undramatic. The only outward appear- 
ance that ABS was operating was the saw- 
tooth motion of the car as the brakes 
grabbed and released. 

But when it comes to isolating the brake 
pedal, many drivers—myself included—like 
the added information communicated 
through the pulsing pedal. In the final analy- 
sis, | prefer the pulsation to isolation. 

This ability to brake safely on a slick sur- 
face at higher speeds may have an unin- 
tended side effect, warns Brian O'Neill, pres- 
ident of the Insurance Institute for Highway 
Safety: “Drivers can be lulled into overconfi- 
dence with ABS. In some instances, this 
could lead to a situation where the gains 
made by ABS will be partially offset by driv- 
er's traveling at higher speeds."—B. N. 


POPULARSCIENCE OCTOBER 1990 | 81 


AUTO TECH 
= Ol = 


ord Motor Co.’s four-year bil- 
lion-dollar mission to build a 
new world-class family of en- 
gines began during a test 
drive at Ford’s Dearborn, 


Mich., proving grounds, with 
an inquiry from then-chair- 
man Donald Petersen to se- 


nior engineer Jim Clarke. Petersen 
presented a challenge in the same sort 
of wide-ranging terms he had used 
earlier in directing styling chief Jack 
Telnack to scrap the boxy “Ford look” 
in designing the upcoming Taurus/ Sa- 
ble sedans. Petersen wanted to know 
if Clarke and his engineers could de- 
sign a replacement for Ford’s decades- 
old V8 engines that would improve all 
aspects of performance, including emis- 
sions and mileage, and at the same 
time define the architecture of an en- 
tire range of future engines. 


The result is the first high-volume, 


high-technology single-overhead-cam i 1 le 
V8 ever produced in the United This year, the engine technology head 
States. It required gutting a former lines are made in America. 


Ford tractor plant in Romeo, Mich., 
retooling it for engine manufacturing, 
and retraining the tractor assembly 

workforce to build engines. The Ford By DAN McCOSH and JIM McCRAW 
single-overhead-cam V8 debuts in the 
1991 Lincoln Town Car, replacing an 
engine originally introduced in the 
1961 Fairlane and over the years de- 


veloped into the present-day five-liter CHRYSLER 2.2 | = LOTUS 16-VALVE CYLINDER HEAD 
power plant. s ü r 
Extensive engine development pro- 16-VALVE 14 ETA 


grams are going on outside of Dear- 
born too. General Motors has unveiled 
a powerhouse 24-valve V6 for '91; 
Chrysler teams with Lotus on a 2.2- z 
liter 225-horsepower four-cylinder for f- = I DISTRIBUTORLESS 
its Dodge Spirit R/T. Another year in- e / i pe 
to the future is GM's top-secret North y 

Star V8, a 300-hp all-aluminum pow- 
er plant destined for the 1992 Cadillac 
Allanté. More about those engines lat- 
er; the biggest news is Ford’s V8. ‘ALUMINUM 

During the project's infancy, it was PISTONS 

called the modular engine because it 
was designed to be the basis of a 
whole family of future engines—sin- 
gle- and double-overhead camshafts; 
two- and four-valves; iron and alumin- 
um, and all-aluminum; front-drive or 
rear-drive—not because it snaps to- 
gether like a Trans Former or Lego 
toy. It is, rather, modular in the sense 
that a sort of ideal combustion module 3 BALANCE SHAFTS 
has been created that can be made in 
all of the popular configurations, us- For the “91 Dodge Spirit R/T, Chrysler's 2.2-liter four gets a 16-valve twin-cam Lotus cylinder head, a 
ing similar bore spacings, bore-to-  fixed-vane Garret turbocharger, and a whopping 225 hp at 6,000 rpm. 
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FORD 4.6 
SOHC V8 


stroke ratios, bolt patterns, valve 
trains, and induction system designs. 

The first offspring of Ford’s new en- 
gine family is a fascinating 190/210- 
hp (single/dual exhaust) torquer for 
the 1991 Lincoln Town Car that also 
will be used next year in the all-new 
Crown Victoria and Grand Marquis. 
Not exactly overwhelmed? Well, later 
variations are rumored to include a 
four-cam four-valve all-aluminum V8 
headed first for the 1993 Lincoln 
Mark VIII, then reportedly for the 
Thunderbird and Mustang. A 300-hp 
output is the reported goal for this 32- 
valve version, which will use dual- 
mode intake tuning and a simplified 
variable-valve-timing scheme. Within 
a couple of years, we'll be driving 
more of its derivatives in smaller 
forms, including a 3.5-liter V8 and 60- 
degree V6 engines in 3.0-, 2.5-, and 
2.0-liter sizes. 


V8 included world-class perfor- 
mance in terms of horsepower 
output per liter. The team looked at 
Porsche, Mercedes-Benz, and Lexus 
V8 engines, and Alfa-Romeo and Hon- 
da V6s, among others, to study state- 


F ord’s design goals with the new 


POWDERED-METAL CONNECTING RODS 


of-the-art technology. The studies 
pointed out a number of important ba- 
sics to be incorporated in the new fam- 
ily of engines: stiff deep-skirt block 
construction with cross-bolted main- 
bearings caps; a short, stiff internally 
balanced crankshaft coupled with full- 
skirt pistons; and a microsmooth, ul- 
tra-straight, perfectly round piston 
bore. Because it is so critical to pre- 
serving piston ring seal and ensuring 
low exhaust emissions with minimal 
oil consumption, maintaining the ac- 
curacy of the cylinder bore became the 
reason behind many of the design de- 
cisions made by Clarke’s engineering 
team. It’s no coincidence that many of 
these virtues could also assist in keep- 
ing the engine clean running for 
100,000 miles, the benchmark dura- 
bility life span that future exhaust 
emission laws are expected to call for. 
Starting with a cast-iron block di- 
mensioned around a perfectly “square” 
bore-to-stroke ratio of 1:1 (a way of 
saying that the bore is 3.6 inches and 
the stroke is 3.6 inches), the major de- 
sign considerations are geared for better 
power output and lower noise, vibra- 
tion, and harshness. The block design 
accommodates a chain drive at the 


ROLLER FINGER CAM FOLLOWERS 


DEEP-SKIRT CYLINDER BLOCK 


~ MAIN BEARING CAP CROSS BOLT 


The all-new Ford 4.6-liter V8 is a SOHC re- 

ME 
engine family will expand in ‘92 to 

Heese rest aie 


front for overhead camshafts, one per 
bank (for now). Chains were chosen 
for durability over all other considera- 
tions, with 100,000 miles as the bogey 
for chain life. 


accessories like power-steering 
pump, air-conditioning com- 
pressor, and alternator are mounted 
directly on the block. While this 
makes the block casting more com- 
plex, it eliminates heavy mounting 
brackets. Engine noise is lower too, 
because resonances originating at the 
brackets are gone and precise align- 
ment of the various pulleys improves 
drive-belt life. The SOHC block is 
called a “dry valley” design because 
there is no camshaft in the valley be- 
tween the cylinder banks, no lifters, 
and no oil being pumped about to lu- 
bricate the parts that aren’t there. 
The caps that hold the lower half of 
the main bearings are cross-bolted, 
with two bolts threaded into the block 
in the usual position (perpendicular to 
the pan rail) and two more bolts com- 


l n another industry first, all engine 
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ing through from the outside of the 
block. An important difference in this 
engine is that the cross-bolts are in- 
stalled in such a way as to equalize 


their pull on the cylinder bores, pre- 
venting distortion. 


V8 engine are constructed by a 

technique known as powdered- 
metal manufacturing. Widely used in 
everything from postage meters to 
earth movers, this technology does 
away with the conventional pouring of 
molten metal into a mold. Instead, it 
begins with a high-pressure forming 
process (40 to 50 tons per square inch) 
of alloyed metal granules in a die, fol- 
lowed by a heat treatment in a sinter- 
ing furnace at more than 2,000 de- 
grees F. The formed rod is then 
brought up to red-hot temperatures 
for a forging step, finally yielding a 
durable finished component with ap- 
propriate alignment of the metal's 
crystalline grain structure. 

The advantage of powdered-metal 
manufacturing lies in the ability to 
produce finished parts at “near-net 
shape"—meaning less machine work 
is required and material wastage is 
lowered. The process takes another 
curious twist too: The bearing cap, in- 
stead of being sawed off the completed 
rod, is deliberately cracked off across 
a built-in fault line in an *anvil" fix- 
ture. That means that when the rods 
are reassembled, the tiny hills and 
valleys of the metal structure will 
mate perfectly for all time, and the 
connecting rod bearing won't be 
tempted to move around once clamped 
to the proper torque. 

The pistons are made of a high-sili- 
con-content (16 percent) aluminum al- 
loy and have more solid skirt area be- 
low the rings than usual to keep them 
square in the bores, and thus quiet. 
They are fitted with relatively narrow 
piston rings using little spring tension 
to keep them in contact with the cylin- 
der wall, lowering friction losses by 15 
percent. One objective was to elimi- 
nate as much total piston and ring 
friction as possible in the new engine 
family because low friction is equiva- 
lent to free horsepower, improving 
both fuel and oil economy. Engineers 
report oil usage at less than one quart 
in 8,000 miles. Reducing the oil con- 
tent in exhaust gases is an important 
factor in extending a catalytic con- 


T he connecting rods in the SOHC 
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INTERMEDIATE 
SHAFT 


TIMING CHAIN 


Twenty-four valves the hard way: The pushrod 2.8-liter GM 
V6 has been bored, stroked, belted, and fitted with four 
overhead camshafts. Above, the cam drive system. 


verter’s useful life span to the 
100,000-mile goal. 

The two overhead camshafts ride in 
aluminum carrier boxes, with the bot- 
tom half of each box cast into the 
head. The Ford design team evaluated 
all of the options and decided to use 
roller finger followers instead of hav- 
ing the cam lobes acting directly on 
bucket tappets. Zero lash is main- 
tained by tiny hydraulic adjusters. 

The cylinder heads for the SOHC 


GM 3.4 TWIN 
DUAL CAM V6 


DUALSSPRAY FUEL INJECTORS 


CAST-ALUMINUM FRONT COVER 


V8 are designed so that the 
spark plugs are accessible 
from the top of the engine, 
rather than down near the 
exhaust manifolds. The fuel 
injectors are up top too, 
with their own distribution 
rail, shooting straight at the 
back of the intake valve, 

The Ford distributorless 
ignition system uses two 
front-mounted coil banks 
regulated by the EEC-IV 
engine management sys- 
tem. Information to deter- 
mine spark timing is fed to 
the management system by 
an electronic rpm counter 
at the crankshaft. This all- 
electronic ignition design 
helps fuel economy, saving 
the three hp normally lost 
in spinning a conventional 
distributor-type ignition at 
high rpm. Another power 
freebie is the absence of an 
emission-control air pump, 
good for another five free hp. 

The net result in the Lincoln Town 
Car is a V8 engine that delivers more 
to the customer than the five-liter 
OHV V8: more horsepower per liter, 
and more absolute power; better fuel 
economy by 1.5 miles per gallon; 
greater acceleration, cutting 1.5 sec- 
onds from the Lincoln Town Car's 0- 
to-60-mph time. This was accom- 
plished with a 20-pound weight 
saving over the five-liter. 


Far different from Ford’s long-term 
program to create a new family of V6 
and V8 engines is General Motors’ 
plan for the new 3.4-liter twin dual- 
cam V6, which will be used initially in 
the 1991 Chevrolet Lumina, Pontiac 
Grand Prix, and Oldsmobile Cutlass 
Supreme. It offers buyers the chance 
to sample an output of 210-hp at 
5,200 rpm and 215 pound-feet of 
torque at 4,000 rpm. That puts its 
performance up in the league of Ford’s 
SHO Taurus engine, a 220 hp three- 
liter V6 built by Yamaha. 

The engineers assigned to this pro- 
ject were not given a billion dollars, a 
clean sheet of paper, and a new plant. 
Instead, they had to make do with an 
existing engine (the GM 3.1-liter over- 
head-valve 60-degree V6, which grew 
up from the 2.8-liter introduced with 
the GM X-cars in 1980) and design a 
double-overhead-cam four-valve-per- 
cylinder package on a relatively mod- 
est budget. The project was headed up 
by Jay Subhedar of the Chevrolet- 
Pontiac-GM Canada group at GM's 
Tech Center in Warren, Mich., and 
started only three years ago. The 
group’s mission was to increase the 
3.1-liter engine’s power by 
50 percent. In terms of 
specific output (power per 
liter) the 3.4 makes about 
62 hp per liter, about 35 
percent higher than the 
new SOHC Ford engine. 

For efficiency reasons, 
the engine would have to 
be built on the same as- 
sembly and machining 
lines as the regular 3.1- 
liter V6. While GM got its 
economies of scale this 
way, car buyers benefit 
too because many of the 
modifications made to the 
stouter DOHC block 
trickle down into the de- 
sign of the 3.1. 


he 3.4-liter DOHC is 
T built around a 3.62- 

inch bore (0.12 inch wider than 
the 3.1-liter), while the 3.31-inch 
stroke is the same as the 3.1. The gray 
iron cylinder-block assembly uses only 
two-bolt main bearing caps on its four 
main bearings, and its entire lubrica- 
tion system had to be changed rad- 
ically to accommodate the special 
high-volume oiling needs of the 7,000- 
rpm DOHC design. 

Because the 24-valve 3.4-liter is es- 
sentially an adaptation of an existing 
pushrod engine, the mechanics are 
rather complex. The aluminum cylin- 
der heads are straightforward enough, 
using two intake and two exhaust 
valves in each pent-roof combustion 


INTAKE PLENUM CHAMBER 


chamber, with a centered spark plug 
as in the Quad 4 and the ZR-1 Cor- 
vette V8. The camshafts and hy- 
draulic bucket tappets reside in a 
completely separate cast-aluminum 
cam carrier, two cams per carrier, one 
carrier per head. 

The camshafts are driven by what 
is arguably the most complex drive 
system in the galaxy (see photo). 
First, a conventional timing chain 
runs from the crankshaft sprocket to 
an intermediete shaft, achieving the 
necessary 2:1 speed reduction. The in- 
termediate shaft has a second sprock- 
et mounted to its front, which uses a 
toothed rubber belt to drive all four 
cams. That intermediate shaft, of 
course, is a vestigial camshaft left 
over from the pushrod applications of 
this block design, and it could not be 
easily eliminated because it also 
drives the oil pump at the opposite 
end of the block. 

A large computer-machined cast- 
aluminum front cover, which incorpo- 
rates the water intake and pump, is 
bolted to the lower half of the front of 
the engine. All of the engine acces- 
sories are mounted directly to this 


CADILLAC NORTH STAR V8 


SLEEVELESS ALUMINUM, 
CYLINDER BLOCK 


RUSSELL VON SAUERS - 


Cadillac's 32-valve North Star V8 debuts in 
the ‘92 Allanté. All-cluminum construction and 
300-hp, 300 lb.-ft. output are promised. 


cover. Counting everything, there are 
16 sprockets or pulleys, on the front 
of the engine. All this hardware adds 
up, of course, making the 3.4-liter en- 
gine 120 pounds heavier than the 
pushrod 3.1-liter V6. 

Subhedar calls the engine a free- 
spin design, which means that if a 
cam-drive element breaks at high 
rpm, a valve will not come into contact 
with a piston and destroy the engine. 
The 3.4 DOHC engine’s compression 


ratio is 9.25:1, nearly half a point 
higher than the 3.1 engine’s 8.8:1, im- 
proving power output. 

The fuel system is AC Rochester 
multi-point electronic fuel injection, 
with dual-spray injectors to accommo- 
date the two intake valves per cylin- 
der. The injector nozzles each use a 
pair of five-degree-wide sprays, each 
aimed directly at the back of the in- 
take valve it feeds. 


hile the new Ford engine and 

the 24-valve GM V6 clearly 

represent the biggest stretch 
for development engineers in 1991, 
they aren’t the only contenders for 
headlines. Cadillacs North Star en- 
gine won't be publicly introduced for 
another year, but it seems certain that 
the 32-valve four-cam V8 will have a 
displacement of 4.6 liters and be rated 
at 300 hp. The engine block will be 
aluminum, as are present Cadillac en- 
gines, but with one big difference—no 
iron sleeves will be used to line the 
cylinder bores. Instead, it will be a 
silicon-alloy block, with the pistons 
riding directly on aluminum bore sur- 
faces. This technology has been suc- 
cessfully used in Merced- 
es-Benz and Porsche V8 
engines, of course, but its 
mass-production origins— 
in the Chevrolet Vega— 
shouldn't be overlooked. 
From all indications, GM 
will reserve this engine for 
installation in its most ex- 
pensive models. 

Despite their impres- 
sive specifications, all of 
these engines could be em- 
barrassed by Chrysler's 
turbocharged 2.2-liter 
four-cylinder fitted to the 
Dodge Spirit R/T. The en- 
gine is rated at 225 hp at 
6,000 rpm, with 210 lb.-ft. 
of torque at 4,800 rpm, 
thus exceeding 100 hp per 
liter. The power comes 
from a combination of a 
16-valve Lotus-designed cylinder 
head and a conventional Garret TB03 
turbo, which replaces the short-lived 
variable-vane turbo Chrysler pio- 
neered just last year. The variable- 
vane concept, which uses a set of in- 
ternal baffles to get a large-capacity 
turbocharger up to speed quickly, 
proved to be expensive. The R/T en- 
gine instead uses a small-displace- 
ment turbo to get quick response, al- 
though there is noticeable lag. The 
result is a high-revving, smooth-run- 
ning four-cylinder that theoretically 
has the capability to run against 
most of the high-output V6s in cur- 
rent production. os 


CENTRAL 
SPARK-PLUG 
VOCATION 


POPULARSCIENCE OCTOBER 1990 | 85 


A ghastly, unwelcome effect—the notorious “red eye"— 
is the result of many flash picture-taking situations. Now 


there are ways to prevent it. 


GETTING THE RED OUT 


re they children of hell? 
Visitors from Jupiter, 
planet of the Great Red 
Spot? Has something truly 
awful overtaken our near- 
est and dearest? 

Nope. It’s just red eye, plague of the 
flash snap-shooter. 

Who has not taken a picture of a 
darling three-year-old at a party (or a 
darling 30-year-old for that matter), 
using the built-in flash of even a so- 
phisticated 35mm camera, only to 
have the result ruined by the appar- 
ently demonic appearance of the sub- 
ject, with eyes blood red? To respond 
“my child is not a vampire” doesn’t re- 
ally take the curse off such photos. 

Now, however, some camera com- 
panies have recognized the problem, 
and devised new technologies to cope. 

Why has it taken this long? Virtu- 
ally all automatic cameras are made 
by Japanese photographic concerns. 
And, the representative of one of 

“them told me “on background,” the 
Japanese had only recently become 
concerned with the red-eye problem 
because they, like most Asians, have 
dark eyes, which are less prone to the 
phenomenon than light ones. 

What causes the appearance of red 
eye in flash pictures? The standard ex- 
planation is most such photos are tak- 
en ina darkened environment,so that 
the subject’s pupils are wide open, al- 
lowing light to reflect back from the 
blood-vessel-filled retina at the back 
of the eye. (The pupils dilate in the 
dark and close down in bright light.) 

This is only partially correct. A not- 
ed New York ophthalmologist, Dr. 
Barry Belgorod, set me straight: 

“When you shine a light straight 
into the pupil and view the eye so 
that the incoming beam and the re- 
flected beam are superimposed, what 
you see is the general color of the in- 
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a plane mirror, but is spherical, so 
that light can bounce around. And 
some of it can emerge reasonably co- 
incident with the incoming flash ray. 

That is the reason some attempts 
to avoid red eye by flipping the flash 
unit above the camera body have 
been only partially successful. 

The route taken by the three cam- 
era makers represented in these pag- 
es is more direct: close down the eye’s 
iris and keep the pupil from being di- 
lated before the flash picture is taken. 

The Nikon and Canon cameras at 


right each illuminates the subject about. 
a second before the main flash takes 
s the exposure. With the Nikon Tele- 
$ Touch 300, the built-in flash fires first 
& at one-third power, and 0.75 second 


of photos illustrates the effect of an an- 
flash system. The top photo shows a 


i 


from a dose-up flash photo. 
results with the new system. 


i 


praniem 
tom photo 


terior, an orangy-brownish-reddish 
color. That's due to the pigments and 
the blood vessels of the structures be- 
hind the retina. The retina itself is 
transparent." 

One structure directly behind the 
retina is called the retinal pigmented 
epithelium, and, says Belgorod, de- 
pending on one's coloring, race, and 
skin type, there might be more or less 
pigmentation in it. The pigment is 
melanin. The overall color in red eye 
is a combination of the brown and 
black of the melanin and the red of 
the blood vessels. 

As most readers will have noticed, 
red eye can appear even when the 
subject is not looking directly at the 
camera. The reason, says Belgorod, is 
that the interior of the eye is not like 


later at full power as the shutter opens. 

In the Canon Photura, a separate 
lamp in front of the reflector inside 
the flash head goes off, followed 1.25 
seconds later by the main flash. (The 
flash unit of this camera is actually 
inside the lens cap.) 

The idea in both models is to force 
the pupil to contract by lighting it, 
just before the actual flash goes off. In 
either case, the photographer can se- 
lect the anti-red-eye mode or not. 

The Auto S system used by Olym- 
pus, shared by both the Infinity Zoom 
200 and the Infinity SuperZoom 330 
(shown here), is more complex and 
uses multiple flashes (see box). The 
benefit claimed is smaller pupil size 
and less eyestrain for the subject. 

Because of the great range of indi- 
vidual variability, it is unlikely that 
any of these systems will eliminate 
the problem completely. But they will 
certainly help bid bye-bye to photog- 
raphy's red-eyed monsters. 

(At press time, Minolta introduced 
the Freedom Zoom 105i. Ituses an anti- 
red-eye flash mode similar to the one 
on the Nikon and Canon cameras.) 


PUPIL SIZE DURING PRE-FLASH 


PRE-FLASH 
15 TIMES IN 1 SEC. 


TIME 


SHUTTER RELEASE 
AND MAIN FLASH 


FLASH BRIGHTNESS 


SHUTTER 
BUTTON 
PRESSED 


LOW-POWER 
PRE-FLASHES FOR 1 SEC. — EXPOSURE 


BOB LANGE 


Red eye results most often because flash 
pictures are made in a relatively dark room, 
so that the eye's pupil is wide open. The 
variable flash system of two Olympus mod- 
els emits a burst of approximately 15 low- 
power flashes immediately before the main 
flash exposure and shutter release, as seen 
in the diagram, left. The diagram at the far 
left shows how this sequence results in a 
progressive closing of the pupil, thus pre- 
venting much light from entering the eye and 
bouncing back out again. The result is some 
reduction of the red-eye effect. As in other 
anti-red-eye systems, the pre-flashing is no- 
ticeable, but Olympus claims it is not annoy- 
ing because the pre-flashes are dim.—A. F. 
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Using sophisticated all- 
wheel-drive systems, 
these station wagons 

from Audi and Mercedes 
successfully combine 

utility with luxury. 


By DON SHERMAN 


prive WONDER 
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AUDI 200 QUATTRO 
i MERCEDES-BENZ 300TE 


espite such creative al- 

ternatives as hatchback 

sedans, minivans, and 

i i utility vehicles, the clas- 

è sic station wagon is one 

t automotive configura- 

tion that refuses to die. 

After years of faithful 

service hauling everything from Little 

Leaguers to nasturtiums—all the 

while maintaining the demeanor of an 

automobile, not a Peterbilt—the sta- 

tion wagon isn't about to relinquish 

its rightful spot in the archetypal sub- 
urban driveway. 

That's fine by Audi and Mercedes- 
Benz, makers of the world's most ex- 
pensive and sophisticated station 
wagons. Certainly the German auto- 
mobile makers don't mind sending a 
few our way, packed to the gunwales 
with advanced technology. In fact, the 
Audi 200 Quattro wagon only comes 
equipped with anti-lock brakes and a 
full-time four-wheel drive. Mercedes' 
answer to Audi's ski machine is the 
300TE with standard anti-lock 
brakes and an optional part-time all- 
wheel-drive system called 4Matic. 

Using America's most popular sta- 
tion wagon, the Ford Taurus, as a 
yardstick, the German wagons are ap- 
proximately the same size on the out- 
Side, somewhat smaller inside, and 
far more expensive. A loaded Taurus 
costs about $20,000, while the Audi 
200 Quattro sells for $36,930 and the 
Mercedes-Benz 300TE 4Matic for 
$56,250. In return for those premium 
prices, the German wagons offer sig- 
nificantly more horsepower, better 
brakes, superior foul-weather trac- 
tion, and lavish interior trimmings. 

It's interesting that Audi and Mer- 
cedes-Benz meet in this four-wheel- 
drive wagon comparison because the 
two German auto makers are usually 
worlds apart when it comes to car de- 
sign; Audi is primarily a front-drive 
maker while Mercedes-Benz favors 
rear-drive chassis layouts. 

The two companies also follow dis- 
tinctly different philosophies in en- 
gine and transmission design. The 
200 Quattro is powered by a 2.2-liter 
five-cylinder in-line engine with a tur- 
bocharger and an air-to-air intercool- 
er. The Audi's engine is rated at 162 
horsepower at 5,500 rpm and 177 
pound-feet of torque at 3,000 rpm. 
Instead of a turbocharger, Mercedes- 
Benz uses a three-liter six-cylinder 
engine to achieve similar output. The 
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300TE’s engine produces 177 hp at 
5,700 rpm with a peak torque rating 
of 188 lb.-ft. at 4,400 rpm. 

The Audi 200 Quattro is available 
only with a five-speed manual trans- 
mission, while the Mercedes-Benz 
300TE is offered only with a four- 
speed automatic. 


entirely different drive-line de- 
signs to deliver torque to all four 
wheels. Housed within an extension 
of the Audi's transaxle is a unique 
worm-gear center differential. Nor- 
mally, an all-wheel-drive center differ- 
ential uses ordinary spur gears to 
split one input into two outputs; addi- 
tional components are necessary to 
regulate exactly how much input goes 
into each output. The Audi design is 
different; called a Torsen (an acro- 
nym for TORque SENsing) differen- 
tial its worm gears parcel out the 
power with no need for extra limited- 
slip hardware. 
While a pair of meshed spur gears 
will transmit torque equally well in 
either direction, worm gears work in 


ACCELERATION 0—60 mph (sec.) 


| E] 


T he two German brands also use 


BRAKING 60—0 mph (ft.) 


-— 


DOUBLE-LANE CHANGE (mph) 
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DIFFERENTIAL EQUATION 


In simplest form, a differential gear set allows each wheel of a drive axle to seek its own speed 
when making a turn. Unfortunately, that virtue is what sets tires spinning on a slippery surface, 
as power is transferred to the wheel with the least traction. 

The Mercedes-Benz locking rear differentials will solidly link together the rotation of left and 
right wheels to overcome this condition. The system shown (as used on the 300TE 4Matic) 
uses hydraulically actuated clutch packs on either side of the ring gear to attain 100 percent 
locking for sure starts on slick surfaces. Engagement is dictated when readings from the ABS 
wheel speed sensors indicate excessive wheelspin; the clutches automatically disengage 
above 19 mph, when coasting or when the brakes are engaged, thus preventing the loss of di- 


rectional stability. —Norman S. Mayersohn 


only one: The driven gear cannot ro- 
tate the drive gear. In the case of the 
Audi 200 Quattro, this yields a torque 
split of 50 percent front/50 percent 
rear under normal conditions (no 
wheel slipping). In the worst case (lots 
of wheel slip), the Torsen differential 
will allot 78 percent of the torque to 
the front axle and 22 percent to the 
rear. This happens automatically, me- 
chanically, and elegantly; the added 
weight over a comparable front- 
wheel-drive model is only 220 pounds. 
One other special feature of the Audi's 
drive line is an electrically locking 
rear differential. This is a get-un- 
stuck device that the driver engages 
by a console-mounted switch. 

The Quattro system is the result of 
Audi's 10 years of experience with per- 
manently engaged four-wheel-drive 
systems. Mercedes' 4Matic system, on 
the other hand, is new to America for 
the 1990 model year. The engine, 
transmission, and rear-axle compo- 
nents are, for the most part, identical 
to rear-drive Mercedes 300TE models. 
4Matic adds a transfer case, a drive 
line to the front wheels, and fairly 
elaborate electronic and hydraulic 
systems. 


engages all-wheel-drive on a part- 

time basis to preserve rear-drive 
handling characteristics during dry 
road conditions. It operates in four 
modes: regular rear-wheel drive; four- 
wheel drive with 35 percent of the 
torque delivered to the front axle; 


i t's important to note that 4Matic 


four-wheel drive with a locked center 
differential (50:50 torque split); and 
four-wheel drive with both the center 
and the rear differentials locked. 

The heart of the 4Matic system is a 
transfer case flanged to the rear of 
the 300TE's automatic transmission. 
Within this aluminum housing are a 
planetary-type center differential (see 
box), a hydraulically actuated multi- 
plate clutch (to lock the differential), 
and a second multi-plate clutch that 
controls the engagement of front- 
wheel drive. A front differential is 
mounted to the engine's oil pan. 

4Matic’s brain is a control computer 
that monitors wheel speeds (sharing 
sensors with the ABS system), steer- 
ing-wheel angle, and brake actuation. 
Muscle is provided by a hydraulic sys- 
tem: an engine-driven pump, a pres- 
sure reservoir, and fluid lines to three 
drive-line clutches. When the control 
computer signals a mode change, 
stored hydraulic pressure quickly acti- 
vates the appropriate clutch. 

Below 12 mph, 4Matic always en- 
gages to assist in starting the car from 
rest. During any brake application, 
four-wheel drive is always disengaged 
and the differentials automatically un- 
lock. During certain cornering condi- 
tions, front-wheel drive is engaged to 
enhance stability. If wheel slip is de- 
tected (indicated by unequal wheel 
speeds), 4Matic first engages front- 
wheel drive. If slippage persists, the 
center differential is locked, altering 
the front: rear torque split from 35:65 
to 50:50. The next step is to lock the 


There's nothing like having your own 
unlimited supply of water! I'd like to 
show you how you can get it yourself -- by 
drilling on your property with the amazing 
Hydra-Drill. You can probably finish the 
well in just one weekend, and install the 
pump and tank the next one. 


Save Money! 

Let me send you absolutely FREE a complete 
information package full of pictures, descriptions, and 
prices of the equipment. There's even a fully-illustrated 
booklet called "How To Drill Your Own Water 
Well", and a recording of a half-dozen folks just like 
yourself from all over the country who have drilled 
their own wells and saved a lot of money! 


Expert Help Available 

You'll also find out about our Toll-Free Consult- 
ing Service. It's a DeepRock exclusive! If you have a 
question while you are actually drilling the well, you 
call a special number to talk with a drilling consultant 
for on-the-spot tips. 

Then, when you've finished the well, we can help 
you select exactly the pump and tank you need, and 
show you how to install it. In fact, if you have a video 
tape player, a complete instruction tape will answer 
most all your questions. And the tape comes free with 
your pump. Anything else you need -- call the toll-free 
number! 


Homeowners! Gardeners! 


Say Goodbye 
to Expensive 
Water Bills 


--with Your Own 
Easy-to-Install 
Water Well System* 


Remember the Drought? 


Need water for your lawn and garden when the city 
says NO WATERING? Tired of paying twice for 
your city water. -- once for the water itself, and then 
again for the sewer charge? 


Be Water Independent with 
your own water well system 
you install yourself! 


Yours FREE: 
* "How To..." booklet 
*k 33 rpm record 
* Complete info & prices 


FOR FREE INFORMATION PACKAGE 


Call Toll-Free 


1-800-333-7762 


‘Ask for Operator 7241) 


r == = m SS mE 
ck 7241 Anderson Road 
Opelika, AL 36803-0001 
O YES! | may want to drill on my property. Rush the 
FREE INFORMATION PACKAGE including the 
booklet, record and prices. 


LI Also, send information and prices on your well pumps 
and tanks. No obligation! 
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rear differential. The 4Matic control 
computer has a learning capability, so 
tire wear and tire-pressure variations 
don’t confuse it. 4Matic costs an extra 
$6,600 and adds 275 pounds to the 
Mercedes-Benz 300TE. 

Despite the fact that the Audi casts 
a substantially larger shadow than 
the 300TE (2.9 inches more width, 4.5 
inches more length), it’s lighter by 280 
pounds. The 200 Quattro is also 4.3 
inches lower overall, and its rear 
hatch is tipped rakishly forward, so it 
suffers in a cargo-volume comparison. 
The Mercedes is rated at 42 cubic feet, 
while the Audi packs only 37 cubic 
feet (the reference Taurus wagon has 
a 46-cubic-foot cargo hold). In both 
wagons, the rear seat can be sacrificed 
to haul gardening supplies, sports 
gear, or antique funiture booties. In 
the Audi, the split rear seat backs fold 
forward. In the Mercedes, the seat 
bottom must be lifted up before the 
backrest can be flattened. Both wag- 
ons offer under-floor storage in the 
cargo compartment. Mercedes pro- 
vides a full-size spare wheel and tire 
beneath the floor while the Audi gets 
by with a high-pressure mini-spare 
stowed in a sidewall compartment. 
E hood, the Audi boasts the superi- 

or power-to-weight ratio, so it 

wins both 0-to-30-mph and 0-to-60- 
mph contests. The Mercedes 300TE 
feels particularly sluggish off the 
mark, and it also misses the 10-sec- 
ond 0-to-60 hurdle by a full second. 
The Benz does make amends in pass- 
ing tests, though, because its auto- 
matic transmission is able to select 
just the right ratio for the conditions. 

On the skid pad, the Audi demon- 
strated better grip (0.76 g versus the 
Mercedes' 0.73 g). The other handling 
test results held true to expectations: 


ven with less power under the 


The Audi edged the Mercedes with a 
slight margin in the slalom (helped by 
a slightly shorter wheelbase), while 
the Benz proved a bit better in the 
double-lane-change maneuver (thanks 
to a firmer suspension). Throughout 
the handling tests, we observed no 
particular behavior—either positive or 
negative in nature—that could be at- 
tributed to the four-wheel drive lines. 

Neither the Mercedes nor the Audi 
wagon is rated for severe off-road use 
(due to a lack of open-tread tires, ex- 
tra ground clearance, and drive-line 
guards), but they do dig in and keep 
rolling over bad roads and during ad- 
verse weather conditions. At a Cali- 
fornia mountain site we made excel- 
lent use of a fresh snowfall—the white 
powder was knee-deep, covering a rut- 
ted path around a reservoir. Stopping 
and starting, tight maneuvers, and 
hard charging over the snowy circuit 
posed no problems for either the Audi 
or the Benz. Each was as sure-footed 
as Santa's reindeer on Christmas Eve. 

When driven into a snowy curve 
with abandon, the Audi will slide wide 
in a nose-first attitude. The Mercedes 
will step out in a classic four-wheel 
drift, though, as long as you hold the 
throttle down. This we attribute to 
each wagon's weight distribution and 
torque-splitting strategies. 

Either car will get you to your ski 
chalet in style. The Audi 200 Quattro 
is the more progressive design— 
sleekly styled, tastefully decorated, 
and mechanically elegant. It also rep- 
resents the superior value: Except for 
hauling bulky cargo, it will do every- 
thing the Mercedes can do at two- 
thirds the price. The Mercedes 300TE 
is conservatively styled, well appoint- 
ed, and engineered to a fare-thee-well, 
but none of those virtues will get you 
over the mountain any better than the 
Audi 200 Quattro can. 


ELECTRONICS VS. MECHANICS 


Balancing traction and torque is the job of a four-wheel-drive system, whether mechanical or 
electronic. In pursuit of this goal, a number of systems, ranging from clever to complicated, 
have been introduced in recent years. Each scheme works to overcome the natural tendency 
of a differential to allow the wheel with superior traction to stop when it finds traction and 
transfer all power to the wheel at the opposite end of the axle. 

Chief advocate of the all-mechanical approach is Audi, which uses a Torsen differential to 
split torque effectively—and, more important, instantly—between front and rear axles to retain 


power at the wheels with traction. 


In contrast, Mercedes has developed one of the more complex electronic approaches, using 
wheelspin sensors to signal hydraulic clutches that engage virtually any combination of 
wheels as necessary. It is a fascinating concept, in theory, providing the ultimate in flexibility 
and response. Unfortunately, it depends on wheel slip to activate the sensors, so it requires 
some time to compute and respond. To me, the time lag is noticeable and aggravating, kick- 
ing four-wheel drive in and out in the midst of comering in snow, too late to do anything but 


upset the feel of the car. 


On the otherhand, the Audi is solidly balanced—responsive and direct in the dry as well as 
on snow and ice. Its attitude remains under the driver's control rather than being second- 
guessed by the computer. In this contest between a well-developed mechanical system and 
State-of-the-art electronics, the Audi wins with all four wheels on the ground.—Dan McCosh 
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Lung Lii Ld 
Garbage (Continued from page 631 


what goes into landfills,” adds Norm 
Crampton, executive director of the 
Indiana Institute on Recycling in Ter- 
re Haute. “Try cutting the grass high 
and letting it lie. In the fall, mulch 
leaves and spread them over the 
yard. This adds nutrients and con- 
serves moisture.” Many states are 
banning yard waste from curbside 
collection [Home Newsfront,” July]. 


Zoo Doo? 


Seattle’s waste-management plan 
is often held up as a model for reduc- 
ing trash. Although its program is 
voluntary, at 78 percent the city has 
one of the highest recycling-participa- 
tion rates in the nation. Fully 44 per- 
cent of the residential waste stream is 
diverted for recycling. As a result, 
Seattle scrapped plans for a waste-to- 
energy plant. 

“As the price increases, people gen- 
erate less," explains Jennifer Bagby, 
an economist for Seattle's solid-waste 
utility. Since 1981, residents who 
throw out more trash have paid for it 
accordingly. Stronger enforcement was 
added last year, along with curbside 
collection of recyclables and a yard- 
waste ban. The plan is near all-en- 
compassing: A pilot program recycles la- 
tex paint. Even the zoo sells animal- 
generated fertilizer called Zoo Doo. 

Most agree that the technology to 
solve the garbage problem is here and 
the economics is coming, but obsta- 
cles still remain. *Our problems are 
not technical, notes Ruckelshaus of 
Browning-Ferris Industries. “We can 
operate a system that would satisfy 
even the most ardent environmental- 
ist and still allow us to make money. 
No, our problem is political." 

With increased public education, 
the image problem of waste facilities 
could be overcome, adds Ruckelshaus. 
“Informing the public of all the risks, 
how you intend to control them, and 
the benefits of the project, is the only 
formula that stands a chance of suc- 
cess," he says. “A landfill is not a rose 
garden, but neither isa tire factory or 
a steel mill, and towns fight to get those." 

Rathje agrees, but says we should 
not let up: "The attention span of the 
American public and media is rela- 
tively short. Pm worried that we're 
going to get to the point where 
garbage is no longer sexy enough to 
write big articles about and that the 
major problem will not have gone 
away." 

Incidentally, what happens to the 
trash collected by Rathje and others 
of The Garbage Project? “After we 
sort it, we save some samples for 
analysis, but it mostly gets thrown 
out,” he says. After all, itis garbage. 


NEW FREE BOOK 
DISCUSSES 


HOW TO 
SELL YOUR 
INVENTION 


Do you have an invention you intend 
offering to manufacturers on a sale or 
royalty arrangement? If so, by all 
means write for our free booklet as a 
guide, whether you do it yourself, or 
employ us to help you. 

It's free for the asking and here are 
just some of the subjects it covers. 

* How to Describe Your Invention so 
Manufacturers will take Notice 

* The Next Step to Take if a Manufac- 
turer Shows Interest 

. ipproximate Royalty Rates Man- 
ufacturers are Currently Paying 

* If Your Invention is Sold Outright 
for Cash 

* Or, Part Cash, Part Royalty 

* Submitting Your Invention Before 
Patenting 

Our reason for giving away information 

we've gathered over our 26 years in this 

business is simply that we hope you 

read it and employ us at our reasonable 

fee rather than do it yourself. But that 

will be for you to decide. 

But understand, we are not promot- 
ers, developers, brokers. Ours is a tech- 
nical service of writing descriptive 
materials for your invention and select- 
ing the right manufacturers who poten- 
tially should be interested in it. The 
materials we prepare are your property. 

We are not patent attorneys. For 
questions relating to proprietary rights, 
searches, patentability, you should con- 
sult a Registered Patent Attorney. 

But back to the booklet. We want you 
as a client but only if, after reading it, 
you think you need us. Otherwise the 

ue will show you how to do it your- 
self. 

Use the coupon below. We'll rush the 
booklet to you. No obligation whatever. 
(But please no drawings or models at 
this point.) 

REFERENCES: Your own bank, at- 
torney or Chamber of Commerce. 

Mail the coupon Today. Please en- 
close $1 for postage and handling. 
Kessler Sales Corp.,Dept. D-710 Fre- 
mont, Ohio 43420. 


r MAIL THIS COUPON 1 


Il Mr. K. O. Kessler, President 1 
p Kessler Sales Corporation 

Dept. o -710 Fremont, Ohio 43420 I 
I Please mail me the FREE booklet explaining & 
IL how to go about selling my invention. This g 
qp docs not obligate me in any way. I am enclos- 

ing $1 for postage and handling, so rush the i 
I booklet by return mail. I 
© Name I 
1 L| 
I Street Address. I 
1 I 


State. p. 
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QUIT 


SMOKING 


It's tough to quit smoking — even if you 
really want to — because nicotine is 
addictive and smoking is a powerful habit. 
Now LifeSign offers real hope. 


Gradual Withdrawal 


The first week, you simply press the SMOKE 
button each time you light up. Then the 
LifeSign's tiny computer creates a personal 
smoking reduction program and gradually 
helps break your body's craving for nicotine, 
You'll become smoke free at the 
pace that's perfect 
for you. No 
cold turkey. 


Easy To Use 
Using LifeSign is as 
easy as pushing a button. You'll 
quit on your own, when you're ready. 
No groups, no gum, no gimmicks. 


Scientifically Proven 
LifeSign was developed with support from 
the U.S. Public Health Service and its 
effectiveness has been studied at major 
medical research institutions. 


ONLY $19.95 tot Noris 
Billed to your credit card 
Or, save $10 when you pay in full now! 
+ 60-Day Money Back Guarantee «+ 


Order LifeSign Today 


Call 1-800-282-5555 


Or return coupon to 


— 
Q YES, I want to quit smoking with 
the help of LifeSign. Please send me the 
complete program including the LifeSign 
Monitor, the 48 page Program Guide and the I 
support hotline number. I will pay the regular jj 
price of $79.95 in 4 payments of $19.95 a 
month plus $6.50 shipping and handling. 


1 can retum LifeSign within 60 days fora — | 

full refund. 

SAVE $10!...PAY IN FULL NOW! [| 
(I prefer to save $10 by making one 

payment now of $69.95 plus $6.50 S&H. I 

Name, I 

Address, I 

City. State. 

Zip. Phone C). [| 
C Check or Money Order for $76.45 Enclosed I 
Charge my (VISA (JMC LJAMEX 

Account # [| 

Exp. Date. 

Signature || 
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COMPARE THE 
DIFFERENCE 
See for yourself why 
you get more for your. 
‘money plus the best 
with FioroCote. 

One bottle of 
FluroCote contains 
appox. 300% more 
PTFE (poljevathoro 
ethylene) than any 
leading competitor 


Auto Racer Irvin Allen 
proves FluroCote claims !! 
14,000 miles after treating his car with ea 
FluroCote Irvin Allen drained the oil out 

of his Datsun 280Z and drove around » 
a race track 9 times. Oil was then put 

back in the car and he drove away. The v= 
engine was not harmed. 


Other brands FluroCote 


Try it today . . . Treat your engine right !! 
FluroCote is one of the newest top quality lubricants 
available today - proven conclusively by scientific 
means to stop friction within an engine. The hotter 
the engine gets the more FluroCote bonds itself to 
the metal parts of the engine. The tighter the bond 
the less friction the engine has assuring you 

of quicker cold starts, less engine drag, » 
better mileage and longer, trouble free a | 
dependable engine life. 


FluroCote Friction Reducing Motor 
Treatment can give your engine 

maximum protection. Delays costly 

time consuming overhauls even in 

older models. FluroCote is produce” [ 
using PTFE, the most slippery 

lubricant known. Itis a metal 

treatment (not an oil additive). 


30:000 "Does it work - ? 
More Miles P "A 
: ‘ou bet it does !! 
du Protection says y Taylor, Pres. of Taylor Enterprises, © 
ngine, Transmission o sl Personas tac wr jen one) / 
and Radiator fi pol And for only $19.95. oz. bone (+ $200 8) 


Whether it's High Performance 


or highway driving 
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Keeps working 
while you drive. 
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MONEY BACK GUARANTEE IF NOT SATISFIED 


ONLY ONE TREATMENT 
EVERY 50,000 MILES 

Oil is used as a carrier to coat the metal 
surfaces, FluroCote is guaranteed to 
reduce or prevent internal motor friction. 
Compatible with all petroleum or synthetic 
oils. Proven by leading auto racers and 
PTFE was used by the American 
astronauts on their trip to the moon. 


Street 


— 


LY 
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' 
1 Please send me — Bor.boties FluroCole. a 
Harry Hibler, Publisher HOT ROD Magazine says - I e m i^ add [piod pin. : 
"| added FluroCole to the crankcase of my Ford A _ Charge my: Visa__ M'C_Discover_Amer. Ex. 1 
Ranchero. Engine idle speed increased by over cade Exp Date. 1 

100 RPM without any other changes. Am now 
checking fuel mileage economy" 1 
ORDER TODAY TOLL FREE H — 7. 1 
gnalura à E = 

TE - 1-800-999-1995 For complete information send $2.00 refundable on lst order. V 
1 


‘Sze TAYLOR ENTERPRISES INTERNATIONAL, INC. I 


Mail to TEI, Inc. Dept PS-10 
202 W. Hillcrest Ave., San Bernardino, CA 92408. Wl 


202 W. Hillcrest Ave. - San Bernardino, CA 92408 I 


| No downwind and no rain er snow i 
No small animals or leaves 
or sparks 


Improves draft by reperi 
fund the wind direction 
Built of copper or WE WILL SEND YOU PAYMENT IN U.S. FUNDS. 


stainless steel in any 
shape 


ALL TRANSACTIONS STRICTLY CONFIDENTIAL 
Purchaser becomes owner of received. 


goods I. 
All metals to be melted down and considered 


Prices start ot scrap. Record of transaction to be enclosed. 

$185- Print in block letters & include in your parcel, your 
name and full mailing address. 

Write or call for Send to: Fax: (416) 727-7579 

free brochure (InU.S.A) (In Canada) 


1-800-456-8803 SLG. & PMM Ltd. SLG. & PMM Lid. 


Earth-orbiting balloon 


(Continued from page 7: 

landing area with the assistance of its 
GPS receivers, which indicate the 
balloon’s true location to within 10 
meters. 

By opening a valve and deploying a 
rip panel that tears its inner lining, 
they will deflate the anchor balloon. 
Next the crew will bleed gas from a 
valve atop the helium envelope until 
the balloon begins to descend; a pair 
of radar altimeters provide them 
with accurate readings of distance to 
the ground. As the balloon sinks clos- 
er to Earth, the three will don helmets 
and heavy clothing to blunt the im- 
pact of a possibly hard landing. With 
only plastic and foam materials used 
in the interior of the capsule, there is 
no worry about falling onto sharp 
metal edges. 


Lightening the load 


Shortly before touchdown, the 3,000- 
pound collapsed anchor balloon, hang- 
ing 140 feet beneath the capsule, will 
start dragging, lightening the craft 
before it reaches the ground. This has 
the same effect as dropping ballast at 
the last moment, causing the balloon 
to behave like an airplane flared on fi- 
nal approach—essentially landing it- 
self. Its a method Newman experi- 
enced on both his Double Eagle flights 
when long hemp ropes were used to 
cushion the balloons’ final moments of 
descent. 

If Earthwinds is drifting at a high 
speed when it touches the ground, the 
captain will push a button triggering 
a detonator that severs the helium 
balloon from the capsule. As a safety 
measure, the destruct device is con- 
nected to its deployment button with 
a newly developed fiber-optic laser 
link that’s immune to a potentially ca- 
tastrophic accidental activation that 
could be caused by radio or electrical 
interference during the voyage. With 
the now-unfettered helium envelope 
heading quickly heavenward, a single 
metal cable still connecting it to the 
capsule will rip a sizable hole in its 
plastic skin. Once its big helium bub- 
ble escapes, the envelope will be trans- 
formed into an evanescent sheath of 
polyethylene fluttering to the ground 
nearby. 

It’s easy to imagine the trio of ad- 
venturers—anxious to stretch limbs 
cooped up for far too long—unbat- 
tening the capsules hatches and clam- 
bering somewhat stiffly back onto ter- 
ra firma. At the moment of completing 
a historic flight, it is customary for 
balloonists to kiss the ground and 
drink champagne. A crew that had 
just gone around the world might rea- 
sonably be expected to require more 
than one bottle. 
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Stay ahead of the 
competition. 


Climbing the corporate ladder takes energy, 
stamina, and strength. Its a well known fact that 
exercise is not only beneficial for the body, but 
also for the mind. Three 20 minute workouts per 
week on the Fitness Edge" will give you more 
energy, help you stay alert and relieve stress. 
You'll feel the difference almost immediately both 
on the job and at home. 


The Fitness Edge provides a great non-impact 
aerobic and anaerobic workout, building strength 
and cardiovascular fitness through lateral 

motion — the principle movement in 


your favorite sports, such as tennis | 30 day home trial Call Toll Free HUE 
golf, basketball and skiing. (( i 1-800-225-9669 x320 i 
Guaranteed to improve your s am e. PR i 
performance! j Address — = ! 


EE — — — — State — — Zip f 
H Scientific Sports Systems" f 
....903 Seaport Ct. Port of Redwood City, CA 94063 (415) 363:8880. 
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SHOP AT HOME 


of the section correspond to those in the ads. 
Please note that some are free, while others require 
payment. A $1 handling fee must also be Included 
with the coupon. Please send check or money order; no 


Aselection of catalogs and booklets avail- 

able from a variety of dependable companies. 
This section makes it easy to get as many as you 
want with just one coupon, Simply check the cata- 


logs you want; the numbers in the coupon at the end 


TIMBERLINE 
GEODESICS 


OE Geodesic Domes, Inc. 


Bulld Your Own Dome 


Our Dome Home Kits are 
designed for beauty, strength and 
incomparable energy efficiency. 
Many sizes and styles available. 
For the Do-It-Yourselfer we also 
offer our Heavy-Duty Connector 
System and lumber cutting plans. 
Over 100 pages of color photos, 
floor plans, assembly instruc- 
tions and more. $12. Timberline 
Geodesics, 2015 Blake St., 
Berkeley, Calif. 94704. For 

Visa or MasterCard orders call 
1-800-DOME-KIT. 


3 


The Dome Home. Efficiency can 
be beautiful with cathedral 
ceilings and lofts overlooking 
spacious living area. Our 125 
page catalog details informa- 
tion for building energy effi- 
cient, super insulated, geo- 
desic homes. This catalog 
includes color pictures, with 
more than 80 popular floor 
plans, from 1,000 square feet 
to 5,000 square feet. Price list 
for homes included. Backed by 
over 30 years experience, 
Geodesic Domes, Inc. $8.00 


Tufoll OIl additive — slipperier than 
Teflon! So unique, it's patented. 
Spectacular low friction and wear 


TABLE OF 
CONTENTS 


6 


stamps or cash, please. 


JAMESTOWN STAMP CO'S. Free 
new edition catalog. Full of bar- 
gains including stamps from the 
world over, packets, albums 
accessories, suppliers & baseball 
cards. Free when requesting 
‘stamps on approval. No obligation! 
Buy only what you like. Return 
balance. FREE!!! 


Jamestown Stamp Company, Inc. 
341 East Third Street 
Jamestown, NY 14701-0019 
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Solar electricity. The new Sunelco 
Planning Guide and Catalogue is 
packed with 76 pages of informa- 
tion and quality products. It details. 
the design of RV, cabin, water- 
pumping and total home power 
systems. Sunelco is your complete 
source for solar modules, control- 
lers, batteries, inverters, water 
pumps and propane appliances. 
Still just $3.95. (406) 363-6924. 


The Source for Quality Science 
Information. . . 


confirmed by U.S. government lab. 
Next time you change your oil, 
change it into a patented engine 
treatment. Enjoy fast starts, 
smooth operation, better accelera 
tion and longer engine life. Lubri- 
cation is our business! Send fora 
Toe mec EOF free catalog or call 1-800-922- 
commurens 0075. 


McGraw-Hill's Science and Techni- 
cal Reference Catalog offers you 
the world's finest science reference 
books at substantial savings. From 
the world-acclaimed Encyclopedia 
of Science & Technology to our 
classic Fieldbook of Natural His- 
tory, you'll find an incredible range 
of information to stimulate the 
scientific mind. 


A PATENTED FAMILY OF 
SUPER t tRICA TS 


ruonaMics c. 
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SHOP AT HOME 


Aselection of catalogs and booklets avail- of the section correspond to those in the ads. 
able from a variety of dependable companies. Please note that some are free, while others require 
This section makes it easy to get as many as you payment. A $1 handling fee must also be included 
want with just one coupon. Simply check the cata- with the coupon. Please send check or money order; no 
logs you want; the numbers in the coupon at the end stamps or cash, please. 


7 8 


VELUX-AMERICA INC. S AUTOTE 

š US.AUTOIRECH v.s, auto Tech's new full-color 

The complete window. ots cas xaxdm | With VELUX roof windows and mar catalog features fantastic sales 
SAVE GAS! 


skylights you can create a light- 
filled kitchen, sun-splashed bath 
or an open, spacious bedroom. 
Nearly 50 years of manufactur- 
ing excellence assures you of 
‘superior craftsmanship, weather- 
tight installation, and quality 
materials such as solid wood 
frame and sash, and double-pane 
tempered glass. With features 
like these, it's no wonder that the 
name VELUX has become synony- 
mous for premium quality and 
durability. FREE. 


prices on the latest in gas-saving, 
money-saving and performance- 
improvement products for your car, 
RV, boat or motorcycle. Included 
are sales prices on the full line of 
the famous Slick 50 engine-fric- 
tion-reducing products. FREE. 


SAVE MONEY! 
SAVE YOUR E 


THE LATEST 
PRODUCTS FOR 
;j YOUR 


CAR -RV - TRUCK - BOAT *2-CYCLE 


"ET 


9 BARNES & NOBLE Bookstores xd 
Satisfying booklovers since 
1873, this unique catalog from 
the "world's largest bookstore" 
brings you hundreds of hardcover 
and paperback book bargains in 
every conceivable category, from 
home improvement and garden- 
ing to astronomy and computer 
technology. Also offered are 
records and tapes, videocas- 
settes, and desk accessories, 
available exclusively from Barnes 
& Noble — with savings up to 
8096 off publilshers' prices. 
30-day money back guarantee. 
U.S. $1.00 


CRUICHFIELD 


The Latest Audlo and Video 
x Equipment 
You'll find hundreds of compo- 


nents from dozens of the top 
brands in the latest Crutchfield 


alarm systems, video, tele- 
phones. Full-color photos, com- 
plete description and exclusive 
comparison charts give you the 
information you need. Our dis- 
count prices make Kenwood, 
Sony, Pioneer, Bose and other 
quality brands affordable. Send 
for your copy today. $1.00 


catalog: Home audio, car stereo, 


Pees eee eee FILL IN COUPON AND MAIL TODAY nti vm ons imi n gu n i | 


POPULAR SCIENCE P.O. Box 1695, Riverton, N.J. 08077-7295 THIS COUPON EXPIRES DEC 31, 1990 


Note: POPULAR SCIENCE New Jersey address is for Shop at Home only. 


Please send the items checked below. | am enclosing $1 handling charge 
(any number of items per coupon) plus amount required for priced items. 


Orders will not be processed unless accompanied by the $1 han- | AM ENCLOSING 
dling fee. Do not send cash. $ for priced items 
1 $12 3 $8 [15 FREE O7 FREE O9 $1 $. $100 for handing 
2 FREE 4 $3.95 D6 FREE 8 FREE (110 $1 
$ —________ TOTAL REMITTANCE 
Name (please print) 
Address City & State Zip 


Please send check or money order made out to POPULAR SCIENCE. 
No stamps or foreign currency. Allow approximately six weeks’ delivery. 
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EHI 
The 02a 
Woodworkers’ 
Store 
New! 1990-91 Catalog 


Æ Over 250 
New Items! 
BI Hard-to-Find 
Products! 
E Many Exclusives! \ 
Æ Selection Includes: 
Hardwoods, Wood 
Parts, Craftplans, 
Specialty Hardware, 
Finishing Supplies, 
Kitchen Accessories, 
Drawer Slides and 
much much more! 
MI 24 to 48 Hour Shipment! 
@ Satisfaction Guaranteed! 


Send Now! $1.00 (3rd class) 


The Woodworkers’ Store 
21801 Industrial Blvd. Dept. 1606 
Rogers, MN 55374 


-------l-- --l-l-----4 


l $2.00 (1st class) l 
I $1.00 Refundable on first order! 1 
I I 
! fame i 
| Address ! 
I I 
1 City State Zip | 
I I 
l I 
I I 
L 


KITFOX 


Fly The Kitfox . . . 


BUILD YOUR OWN AIRPLANE! 
2 SEATS 


Kitfox is sold as a complete kit. It’s 
the world's finest aircraft kit. A com- 
prehensive builder's manual leads you 
step-by-step through construction 
| | quickly. 
| Wings fold in two minutes for garage 

storage. Kitfox is fun flying at its best. 

Floats, skis and tundra tires are avail- 

able. Uses auto gas. Take off: 75; cruise: 

90 mph, land: 27 mph, rollout: 150° 

Complete information: $10; video: 
$15 ($20 USD overseas). MC-VISA-MX. 
Denney Aerocraft Company 

100-G N. Kings Road, Nampa, ID 83687 
Phone (208) 466-1711 
FAX: (208) 466-7194 


( 


SERIOUS ABOUT THE 
WEATHER? NOW YOU CAN 
AFFORD A PERSONAL 
WEATHER STATION! 


‘The new WeatherPro weather station gives 

the local weather at your fingertips. Easy to install 

and simple to operate, the WeatherPro includes a 
veather computer, remote precision wind direc- 

ane, wind speed sensor, external temperature 

probe, mounting hardware and 40" of cable-all for 


ony 1891 
*WIND SPEED 


*WIND GUST 
MPERATURE =a *WIND CHILL 
IND DIRECTION *TIME 

MPERATURE HILO| *AUTO SCAN 


RAINFALL (OPTIONAL *1 YEAR WARRANTY 
*14-DAY MONEY-BACK GUARANTEE 


DIGITAR WEATHERPRO 
WEATHER STATION: ONLY $ 189! 


ORDER TODAY:1-800-678-3669, Ps 
M-F 7AM-5:30 PM Pacific Time 

SATTA emptying electronic yain gauge $4995 

Add $3,00 for gi CA residents add sales ax 
Pax 15415-20255 V86 © AUC and VISA 


ITAR’ 


3465 DIABLO AVE, HAYWARD, CA 94545 
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CLEANING/MAINTENANCE/REPAIR 


EARN UP TO $1000 A WEEK, WORKING 
PART TIME FROM YOUR OWN HOME! 


| 
| LEARN VER 
| 


OF THE 1990'S 
IF you are able to work with common small hand 
tools, 
IF you possess average mechanical ability, and have 
a VCR on which to practice and I . then we can 
teach YOU VCR maintenance á 
lue 


to simple MECHANICAL or ELECTRO-MECHANICAL 
breakdowns! 
FACT: over 77 million VCRs in use today nationwide! 
Average VCR needs service or repair every 12 to 18 
| months! 
Viejo's 400 PAGE TRAINING MANUAL (over 500 pho- 
tos and illustrations) and AWARD-WINNING VIDEI 
TAPE the SEI of VCR 
world” information that is 
I 
nfo you'll need regarding 
the BUSINESS-SIDE of running a successful service 


operation! FREE INFORMATION 
CALL TOLL-FREE 1-800-537-0589 
Or write to: Viejo Publications Inc. 
5329 FOUNTAIN AVE. 
LOS ANGELES, CA 90029 Dept. PS 


The trouble with Hubble 


[Continued from page 76) 


faint-object cameras. These corrective 
mirrors would be about the size of a 
nickel. 

James H. Trainor, associate director 
of the Goddard Space Flight Center, 
says the wide-field camera would be 
the first to get this treatment. “It 
was scheduled to be replaced by a 
second-generation instrument any- 
way in 1993.” That job is to be per- 
formed by a shuttle astronaut during 
an extra-vehicular activity. 


High-risk fixes 


Two other scenarios for fixing the 
focus were briefly considered and 
quickly discarded. One was to retrieve 
Hubble, bring it back to Earth, and re- 
place the mirror with a waiting back- 
up, presumably free from flaws. That 
would have posed enormous mechani- 
cal risks and enormous costs. The oth- 
er was to apply a kind of doughnut to 
the telescope, just as a camera lens is 
“stopped down” to improve its sharp- 
ness. The gain would have been small, 
and the risk of contaminating the tele- 
scope great. 

What is inevitable is that coping 
with Hubble's problems is going to 
consume more money than was bud- 
geted—lots of it. One estimate is at 
least $25 million a year. "There's only 
one place that can come from," says 
Trainor, and that's the funding for AX- 
AF, the Advanced X-Ray Astrophysics 
Facility, and SIRTF, the Space In- 
frared Telescope Facility. Both belong 
to the series NASA calls Great Obser- 
vatories. AXAF was scheduled for 
launch in 1996 and SIRTF by 2000, 
but Trainor fears they, and maybe 
other NASA projects, will be delayed 
by the ripple effect of Hubble troubles. 
Grandiose schemes like the space sta- 
tion and the Moon-Mars missions are 
especially vulnerable. 

Edwin Hubble died in 1953, after a 
life devoted to the pursuit of the un- 
known through astronomy. What 
might his reaction have been to the 
troubles of the great telescope bearing 
his name? To use his own words: 

"The search will continue. The urge 
is older than history. It is not satis- 
fied, and it will not be suppressed." 

On Aug. 9, NASA announced that 
the flaw in Hubble’s primary mirror 
was apparently caused by a spacing 
error of one millimeter in part of the 
complex optical system used to gauge 
precisely the curvature of the mirror 
during its final grinding and polish- 
ing. The guilty part is called a null 
corrector; a focusing lens is a millime- 
ter too far from one of the corrector's 
mirrors. NASA stated that “a discrep- 
ancy of this magnitude" could account 
for Hubble's fuzzy focus. n) 


Build A Working V-8 Demonstration Engine. 
Ageatnioucten nto wats 


yog 
engine. The Va scale realiste 
‘model contains over 
>g 100 moving pars You 
can actually watch the 
o crankshaliotate 
B plugs light up. valves 
pen and close, rods and pis- 
Tors move. Easy to build. 
model gue for as- 
takes two C battenes (not inc 
le wit stand. $42.95 


tave tuny ading mo. 
"ion to your science tar 
projects, demonstra: 
Fons and experiments 
With tis specia 
20,1" motor 
fog sann ano 2 wre 
1” motors PJ1304 $13.98 


luild Your Own 2000° Solar Furnace With This 


uyot 


'resnel Lens nd Harness The Sun's Rays! 
t "6: Youibe abi to use this pre- 
^. iion lens as a solar cooker | 
Z for neang ood asain tor | 


J: T potery- and even to melt | 

<> metal or for other solar ex 
fec Eden 
er inch. measures 1072x1072" "thick 
Unmounted lens comes with 16 page | 
‘ook, "Fun Win Fresnel Lens” Instructions 
included on how to build the 360° stand 
and frame shown P370,533 $26.50 | 


Miniature Water Pump For Photo Darkrooms, 


jed Fairs, Water Displays. M 
QUEE TONE * 
pucr cra E 
pepene aE -fzx |e 
T4. 
NA een Pu) 5 728 V», — cma 
EHE ae ee 


priming. Operates on 2 ashignt batteries (not inci ). runs 
1o 48 Nours before battery change is required 4° tube inc. | 


Build Your Own Hot Air Balloon 
| That Will Actually Rise 200 Fi 
When tated, hs 12 foot calor aloo 
nse above e houses andres and you tet 
aS excea as e Wight bones at Ky Hank 
fiw evan t "peat ov pond Ki. 
les pre cut gores Vg we arting 
ino core i PIST333 86.98. 


Astropilot Acrylic Illuminated Cosmo Globe | 
Locales Position Of Stars And Constellations 
Our Astropiat Cosmos model 
i5 a clear acc $ inch dam. 
tter globe depicting 868 stars 
and al the major costela. 
Pons oftheunvase Anoraon 
ing rests onthe globe 1o c 
termine tne vie shy from 
yourlocaton The globe rests 
‘nan attractive black base 
‘when contans he lumwnaor 
{powered by 4° AA batteries. 
ot included). i^ the dark. 
The stara, a BBB of them. glow Cones wt tly st 
5 ose quá book PJ30.909 $34.95, 


Polish Water-Worn Beach Agates, Amethysts 
And Garnets With Our Rock Polishing Kit. 

3 Enjoy a umque and fascinating hobby 
making exciting jewelry ot beauty | 
polished gems and stones 
from rough rocks found 
everywhere. Complete kit 
ican poarta polahing 
tumler wath a 115V 


uy motor, thee pound 
barrel, a large selection of 
assorted rocks, git abra- 
IB sives, polish. jewelry find. 
‘$74.98. ings anginstrucnon manual, 


io Fishing With This Mighty Magnet. 


Uftup o 200 s. Fun to use around docks | 


and bridges. A must for a boat, it helps 


(elit metal objects at al overboard 
You be amazed at what you puli up. Wt 
2s, measures 4 wha | 

CY EM 
a roion and chipping. PUTS E13 
Cannonball Whistle Recreates The Authentic | 

Five Chime Steam Engine Sound. | 
$24.95, 
PJ34.618 


"Beautiful polished allaluminum vain 
whistle wil take you on a trp to yesteryear 
when the steam engine tran was king 
92" long. Weighs Just three ounces 
Makes an excellent gift for rairoaders o ll ages. Includes in- 
‘structions on how to simulate train hiss and other train sounds. 


from America’s Largest Mail-Order Market Place 


V 4 


Build A Working Replica Of The 12 Foot Light Show Of Multi-Colored Bulbs 
Steam Engine Popular in The 1800s. ‘SZ Makes Ur a Nes M Dat 
E PLURES E 

ff at crossed te coy The ear asd ^ fenble We cites ty. 


brighi colored bulbs in 2 ft long Light 
| Ropes: Can be used indoors and out. Male 
and female connectors at each end alow you 
{to rmx and match color stands. Lights in e 
"ope will move in a Stabonary pattern or 


‘Simplest was ine single stoke piston 
Engine- power occurring when the 
sion moved n one direction. Kit has 
‘everything needed to recreate a work 
ing epic tom crank shat cider, 


pa, bie pars nus tos gastes. | asc each ober at avarante Speed you 
Brin y tis were g B select A ansore is rere o operae 
EIE $09.98 bs OESTE age. soto ts. 

| tty asomoies, Paasio MSS 107 — | EA $20.50 Ea. sr more S1950 Ea. 
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“SPACE”: The [^3 Game That Defies Gravity. | ^ 


fj Your young astronaut must sisik- 

fully maneuver a minature 

‘satelite that foals on 

jets of air through | 
Space loops positioned 
as, round Ihe 
lunar surface. 


Light Controller for forward and speed control. 1OV/SOHZ 
input Speed sector swich wi anie up S gt ES 


It's Motorized To JY Actually 
| Run And Dive! 


‘challenging game is both fun and educational. Requires 3 C^ 


batteries (not included) PIN 520.95 | Auhente VIGO scis mode of fhe Carmen Type ie 


manne is motorized to run and dive. Assembling fus a wil 


Build Your Own Clock Of Pa Taen tas ene proce sora peon 
It Really Keeps Accurate Tim Tn y Gf Ou SAEI Posen 


peg tb ceag dee Feet nel nhe mode stp Y ces og 
Supo ainte gue three papere The Vortaj More Than A Money } f] Banki 
| Sap ana perseverance ane you have à 
woring ceci eps aceae ne 
| Bnd nas a peal ok tek pendulum 


| movement. You reina an reae t 


Doak 


Build Your Own 
Nuclear Powe 
Plant Model 


‘ore. Made o! tough polypropylene 


Stwctonsincuded  PJSLESI $14.95 
Based on Three Mie Island, this detaled 1/160 N° scale kit 


; E 
Mas 79 parts molded in colors Includes contamment buiding. 


Joggers! Prevent Injury With Cushiony, 
| cng tover ana generator hon on bse Suet | f 


un 7) Reduce the risk of painful injury 
ID P erene you un pa wa al 
amarg ser io your 

favor running anoss and 
teer iae youre rong ona These 
"evolutionary umaue design sm 


Energy Absorbing Shoe Inserts. 
Li pu For ages 12 and over. 136.78 $0. *| 


| The Vanishing Leprechaun...Will Anyone Ever | -| sets are constructed o 
Solve This Mystery? EV EET RT 
xs Puma cel Tener 


Mens 5.5/Womans e PJ37.157 layerofcompressed 
Mens 6¥2-7'2/Womans 9-10 P397,158 —— ai.eimatng 
‘Mens &-9/Womans II: PJSLISS stress and shock 
‘Mens 90 10V Womans 12 P337.80 to your heels. 
Mens 11-12 P37 161: 1202-13 P37 162_ankles and knees 


LUE 


A fascinatng Wosion. We found it at a math 
‘teachers seminar. A 3x7" card with 15 lepre- 


P fn iris enc wi 3e mses, | Add Spectacular Color To Your Home With A 
a Woich one vanishes? Where eld he go? Rainbow Light Display. 


When he comes back, where as he been? One o our most 
popula best-sellers! Package of 4. PASTATS 35.75 


Radiometer...A Space Age Sphere. 

Ws fascinating to watch the delicata vanes 
within tis 5” precsion-made sphere spn 
faster and taster lusirating the basic pn- 
oleo! solar heating, When ight strikes he. 
vanes it transfers heat, and e vanes begin 
to move. Works from direct sunbgnt or ar- 
cial hght. An attractive “conversation 
piece” 


‘ur Intelligent Yo-Yo With A "Brain? 
ifs The Longest Spinning Yo-Yo Around! - 
A simple fck of ne wnst pre = 
programs this patented yo-yo, 
‘owing t to spin Treely at ne. 
end of the siring. Suspended 
Ju cando mak. such as 
Dog; "Rock The Bady, 
ster and more. t operates 
on à centnfugal clutch principle 
{hat allows ito spin laster and 
longer than any other yo-yo 
betore returning to the user's 


ur equilateral prism mounted in a specialy 
‘designed wooden base caches he sun and 
projects the ever-changing rainbow patterns 
‘over your wals, ceiling and ioc Irs almost 


Each year tornadoes are responsi b 
hundreds ol deaths and mibons of dolars 

f destruction. The mystery and beauty of 

nature's most destructve force can now be 
Drought home in a bottle A clear plastic 
cyinder. 3» tl 2 da wth Tornado Juce 
sealed wit. When shaken according to di 
fechons, a mmature tormago forms inside 
the botte 'PISLESS $4.95 


The Ultra-Thin, Mechanical Fine-Line Pencil 
For Artists, Draftsmen, Architects, Executives. 


Bra 


Fines Tsk mea pect has supera wg char 
" "Scerstcs. Excelent lor tgm drawings a favorite of book 
hand. Precison engineered e dear - nd accountants The soi rubber body s comforatie. 
plastic body shows he cutchin acron. P336,213 $8.95 | oro i j toa Soan e pr 


"Sod eura Pun ead ony Smm gameter) pues clean 

nuo Puer Tro edP ON Vo yg) SP fendenngs Amp push onthe trae! head aces 

Were You Evr Seen The inside Of Your Eve? efe Maceo suo teach our pron Gens 

Pm Eyesconets an opta deves lor | 13 anaut ais kessa. 1 ten peace 399,990 9098 

Z ‘al inthe nsf youreye. | — Alerta leads and B eta rem. PI QM $3.35 
Zi decay despres dut 
trecporangsparboce mo 


v Featured on this. am a tew of the 
pedi many magia produ ul appen in our 


FREE 


112 PAGE 
CATALOG 


Send for your 


) PIS3538 $24.95 objects. how b inspect contacts. 


The Chandler Gyroscope. 
A Classic Favorite For 75 Years. 
Demonstrates “gyroscope merta" or ngity 
in space as frst recorded by isaac Newton. 
An object rotating about a fred axis creates 
a condition in which the axis holds its 
position with respect to inertal space, no 
matter how the spinning objects support 
is moved about Machined. painted and 
alance fied al by hand. Complete wth, 
instructions and pedestal. P337,265 $5.95 


For Phone Orders, Call 
1 (609) 547-8880 
for friendly special treatment 


Use VISA, MasterCard, Diners Club, Am. Exp., Discover, 
Carte Blanche or Optima. Call anytime, 24 hours a day. 
MOST ORDERS SHIPPED WITHIN 48 HOURS 


your purchase return the merchandise 
inits orginal package land we wil cheerluly refund your money in ful. We back our products! 
‘Our 45 day unconditonal guarantee means you take no Tisk oh any product You buy rom us. 


es Edmund Scientific Co. 


Dept. 10DA, C912 Edscorp Bldg., Barrington, NJ 08007 


HARD-T0-FIND, UNIQUE PRODUCTS for HOBBYISTS, GADGETEERS and STUDENTS 


Unusual Values in Telescopes, Binoculars, Magnifiers, Solar, 
Microscopes, Science Kits, Lab Equipment, Toys, Military Surplus, Lasers, Photo and Weather Instruments. 


ea ‘and handing 

RUSH FREE M2 PAGE — "7^ á 
FULL COLOR CATALOG  ToTaLenctoseo 

V Name. 

L 

m 

1 

1 es. E ze. 

Lhc--——— 


Edmund's Famous BUY ALL 5 KITS 
-— AND SAVE $35 
Leap 3 Build Real Working Models That Demonstrate 
Feet into 5l The Principles Of Science. 
The Air! ‘Our new easy-to-assemble 


Scientifics offer umque earning 
opportunities at a reasonable 
price. Each it contains an ex 
‘eriment which teaches an m- 
portant principle of science or 
'engintenng. 


Full ot fun and surprises. 
Simply click the jump- 
"ng disc between yor 
fingers, ub fora second, 
fay it on any 


‘smooth sur. a Spy A) Anemometer: A miniature 
lace and $9 wind direction and speed indi 
POP! I tezps Y au cator, Teaches the principles 
into the ai 3 used by professionals in weather 
Teet high. Friends forecasting, P336,268 $21.95 
‘won't be able to re- |B) Generator: Buid a hand-crank 
sist tinkering with generator Learn how electricity 
Tem How does *Sereated taht them 


bul 
270 $19.95 
0) Pump: uid 8 working 
pumo. Lean the pnnaiples of suction 
and vacuum pressure by observ 

water movement. P336,267 $13.9 
D) Signal: Bul a trafic control 


i wort? The miche! and 
stainless steel discs 
‘vork on the principle of 
thermodynamics Heat 8^ 

(rubbing Ine discs) makes metal 
expand, a coo! surtace makes n 


water 


contract. 12 jumping Quarters: signal light and learn the pingis 
Plz 099 5335 oF electrical a a 
Easy To Identity Stars In eee 5 
the Sky With Rotating D ert man moor ana iea 
Star/Planet Locator. how electromagnets drive the 


rator Requires a 15V "D 
banery (not included) PJ36.Z73 $12.95 


tum 54975 


Pkge. of all § kits. 
Simulate your own voleano 


A $84.75 
VALUE 


trupheg by ust adding houso- 
hold baking soda and vinegar 

[m ten of our kit Great 
p arena un hs safe and 

indy chart shows location of TR eS Md 


500 stars and ther relationship 


and ocaton at any time. Plotted hy anialamantary: senna! 


T Am Pees | seenen Teacner cds stat paper mache mi 
rone George Lon WP | Sse ya wong vay cater chi bue ard 
"pae toov clon, | Basi va 1 fuss 


and smote celestaldravings 
BvaxBly" chart Pu8.277 $2. 
FREE wr, runciase 
‘OF $20 OR MORE 
1 you quall for ree localr- be 
sure to specty order #PJS.060 


Build Your Own Electromagnet And Learn 
The Basics Of Electricity And Magnetism. 
Students wil enjoy building elec 

iromagnets and conducting exper. 
ments trom a solt iron core that 
lemporariy becomes a magnet as 
elecinic current flows through a coit 
fof wre surrounding it. Kt includes. 
Complete structions conductive 
‘als, copper wire, fatnestock clips 
and battery holder parts. Requires 
batteries, not nc. PABA, 819 $9.95 


Discover The Extent Of Pollution Caused By 
Acid Rain In Your Area With Our Test Kit. 
Portable acia rain tester determines extent of pluton in ran. 
or snowrall and the amount of Imestone dosage needed 10 
eutralre acc content Mixed indicator ye reagent produces 
distinct senes of repro 
‘uc colors depending 
‘on the Ph. Kit includes 
necessary matenal tor 50 
Tests and precision 16" 
fie color chart 
134,966 $26.95 


Fascinating to watch, Simply 
duck ne brs head into a plass 
of water to begin happy birds 
‘bobbing moton. Then the bird 
aes over, continuously dipping 
into the water for a dank 
15.065 $395 


Newton's Third Law Of 
Motion Demonstrated 


Witness The Hatching Of Live “cA 


‘Tropical Fish In Two Hours! 

Recon oe 

res E 
Po ole P mang mina iuri ir 
[ep eripe i pe d 
‘biotechnology, P338,648 $17.95 


Life-Size Pumping-Heart Model De: 
Circulation Ot Blood Through The H 
Squeeze the ball pump and watch the 
Meike continuous. acton of "ood" 
being pumped through he vsbie heart 
chambers -just like a real heart. Oper: 
ating model used by doctors, educators 
‘and students. Ideal for science fair 
Proc. Fnshed models hon 
a5) 10 assemble, complete with n 
structions and display rame and 
stand PSS, 825 $14.95 


Its hard to put down once you 
star playing wath Swing one! 
Thenckelpaledball and watch 
ne one on the opposite side 
‘swing back. Consists ol balls 
Suspended by monofilament to 
peed bane RED gru 
| Edmund Scientific Co. 
Dept 10DA. C912 Edscorp Bldg, —— — — —3 
Barrington, NJ 08007 | 
METHOD OF PAYMENT: 
DCeekendosec D VISA 
DMaseCad — D Diners Ciub 
D Amencan Express. C Carte Blanche 
Discover pima 


stock No 


Ep Baie 


Feriae ii Total Pree 


Bani Number Masieda hn N Ada 704 Sales Tax — 


Serving Science Hobbyists Since 1942 — 


Do-It-Yourself Kits 


Factory Direct 
Clocks arid Furniture 


Also Assembled 
and Finished 


WiGrandfather Clocks, 
Mantel and Wall Clocks 


WiCurios, Tables, Chairs, 
Desks, Cradle...and more! 


WSolid 3/4" Black Walnut, 
Cherry, or Oak 


Heirloom Quality 


WiSolid Brass West German 
Movements and Dials 


MMoney Back Guarantee 


tam 
interested in 
O Do-It-Yourself Kits 


AFnished Fumie ENDS FOR l d 
Name 
Street 
City 
State Zip 
G (Please Print) 


€ 

World's Largest Manufacturer of Grandfather Clock Kits 
Dept 3712, Emperor Industral Park 

Fairhope, Alabama 36532 WI Phone 1-205-928-2316 


And the clear choice in 
windshield repair. It's easy to see 
why. Unlimited income. Full or part 
time. Our patented Pro-Vac Injector 
System. Assigned territories. Low 
up-front cost. High return on 
investment. 

Plus, you're the boss. And 
YOU bank all the profits. Profits that 
come quickly — $30 to $100 for a 15 
minute repair. Now that's a real 
business opportunity. 

That's Glas-Weld Systems, inc. 

For a clearer picture, call us at 
1-800-321-2597. 
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Northern 


UU Where the Pros and Handymen Shop 


1-8 


ORDER TOLL FREE 


00-533-5545 


Sale Prices Good Thru 10-31-90 KEY #93289 


One-Swii 


121b. 


ing! 


Log Blaster 
Lumberjack logsplitter maul. All steel with 


cushioned grip. Splits most logs with one stroke. 


4000 
Watt 


35-1/2" long 
= hem# 11911 


Sale $19.99 


Continuous 


Generator 
8 HP Tecum: 
has cast iron 
hem# 16425 


seh engine 
sleeve. 
Tough 


Sale $399.99 Tarps 


Famous 
Brand 


Hetty woven blue poly tarps 
with rustproof grommets 


Gas Engines 
Thousands in stock! 
3 - 23 HP, horizontal and 


vertical shaft. 


Horizontal Gas Engines 


46051 5HP 
46081 BHP 


$134.99 
$199.99 o 


46010 10HP $239.99 Also Available 


20 Ton Vertical/Horizontal Log Splitter 

Splits 24" logs in horizontal or vertical position. 

40,000 Ibs. of power. 6" x 6" H-beam with 4" bore x 24” 
stroke cylinder, SHP engine, 11 GPM cast iron 
2-stage pump, auto-retum valve. 


Heats up to 
800 square 


CATV CONVERTERS 
AT LOWEST PRICES 


Panasonic, Jerrold, Tocom, 
Pioneer, Scientific Atlanta, 
Zenith, Oak, Hamlin, Eagle, 
and all other brands 
Microwave Antennas 
(wireless cable) with matching 
descramblers 


ompan dividi ngs 
Call Mon-Fri 10AM - 5:30PM 
Eastern time or write for 


FREE CATALOG 


UNI] JERSAL 


520 GLENBROOK ROAD, SUITE N 
STAMFORD, CT 06906 
ous on, 1-800-622-9022 
cms. (203) 975-7543 


Custom Wood Rack 
Heavy duty steel rack is 
13-1/2W x 44-1/2"H. Ad- 
juststo any length with two 
2x4's (not included). Helps 
keep wood neat and dry. 
Item 158501 


feet! Up to 9-1/2 hours | Sale $23.99 


from 1.6 gallons of 
kerosene. 26- 


V2^H. 


ist Price $169.95 


ltemit 17285 


5-HP. 

Electric 

Motor 

for Air Compressor 
Delivers High 
Starting Torque 

5-HP single phase motor 
has all copper windings. 
Heavy duty industrial 


140-Amp Portable ‘construction with ball bear- 


Arc Welder 


Adjusts from 


ings. CCW, electrically 
40 to 140 reversible. #56 — frame. 


Amps. 115 Volts. FREE 3600 RPM. Service factor 


accessory kit. 


1.15. 208/230 Volts. 


Item 156510 Itemi 00280 


Sale $11 


7.99 Sale $124.99 
‘Shipping not included 


Cable TV Surveillance? 
Send $3.50 for our controvers Toren 


$39.00 


Maintain 


Add A VCR to Every Room. 


with the first FCC approved wireless hom: 
broadcast system. 120 ft. range. 


Videocaster 2000. 


One Remote Replaces Three... 
The MAC 20 wireless remote replaces any three 
combinations; TV, VCI 
CD Player or other ente 
operate on Infrared sign: 


MAC 20 


Call Toll Free 1-800-332-3557 


VISA, MasterCard and COD 
Outside USA Call 1-508-699-6935 
Add $4.00 S & H, $6.00 outside USA 
D & D Electronics, Inc. 


SEND TO NORTHERN 


P.O. Box 1219, Burnsville, MN 55337-0219 


OWN YOUR OWN HOVERCRAFT 
The ONLY TRUE All Terrain Vehicle! 
SCAT HOVERCRAFT, INC. FLY 


The largest manufacturer Over Land; Water 
of recreational Ice, Snow on 


Hovercraft in cushion 


the world tall 
“EXCITING VIDEO 
AVAILABLE 


Call 
1-305-691-5100 DEALER INQUIRES INVITED 


For Free Information W. 36 Ave. 


SCAT HOVERCRAFT, INC. ‘Miami FL 30147 


Shoppers’ Showcase 


A seiten of products and services for PoPuLaR Science read- 
ers available direct by mail. Enjoy the fun and convenience of 
mail ordering shopping. Please order directly from the adver- 


1 


FAMOUS MAKER 256 AT COMPUTER 


WITH 14" HIGH RESOLUTION VGA 
COLOR MONITOR w/ 30 MB HARD DRIVE 


J 
tiser. For advertising rates for this section, write or call Diane Pahl, 
Direct Response Manager, Popular Science, 755 W. Big Beaver Rd., 
Suite 420, Troy, MI 48084; (313) 362-9005; fax # SIS 362-3403. 


THE "GREAT DEAL" CATALOG 


-800-729-9000 


INTEGRATED PERSONAL 
FACSIMILE MACHINE 


| SAMSUNG ] 


* 9600 baud. 


| =16 lavol gray sene tor 


+ 80286 microprocessor, 12.5/6.25MHz switchable. 
* 1 MB RAM on motherboard, expandable to 4 MB. 
+30 MB hard drive. 

* One 5.25" 1.22 MB floppy drive. 

* High resolution VGA monitor: 640 x 480. 

* Socket for 80287 math co-processor. 

* 16- bit VGA card; 800 X 600 resolution. 

* 8 expansion slots—two 16-bit and one 8-bit. 


* PS/2 compatible G-pin mouse port. 

+ Real time clock/calendar. 

* AT style 101 key keyboard. 

* Phoenix 286 ROM BIOS. 

+ Includes MS-DOS 4.01 with DOS Shell utiities 
and GW BASIC™. 

* PC dim.: 4-1/4"H x 15"W x 15-1/2"D. 

* Monitor dim.: 13,9°W x 14.7"D x 14.1°H. 

+ One Year Mfr. Warranty! 

» Factory New & Perfect! 


Mir. Sugg. ber $2,094.00 
DAMARK 
PRICE 999 39 i 
"tem No. B-2321-148047 
Insured Ship/Hand.: $49.00 


+ Transmits in 15 sec. 

or less. 

* One-touch dialing for 12 
locations. *2-digil speed 


with adjustable volume. + Last number redial. * On-hook dialing, + Time/date display. 
* 2-line alphanumeric LCD. + Activity reporting. 
Mr. Sugg. Retai: $1,399.99 


* Printing width: 8.5". + Model #: FX2010. 
DAMARK $ 499 99 


* Dim.: 13-5/8W x 10-3/8°D x 4-7/8"H 
PRICE 


* Wt: 12-1/8 lbs. 
+ One Year Parts, 90 Days Labor Mir. Warranty! FERES di 
Insured. Ship/Hand, $20: 00 


ISONY. 


* Infrared wireless 
headphone system 


MAXXUM 3000i 35MM 
(ase) CAMERA w/ ACCESSORIES 
MINOUA 


Set includes: 
Minolta 
‘Maxxum 3000i 
body, 75-200 auto 
focus zoom lens, 
auto-focus 
electronic 
flash (no batteries 
needed), 35mm 
‘accessory bag, 12 
exp. 35mm color b — 
film, lens cleaning kit and UV fiter 

Minolta Maxxum 30001 

SLA Camera features: 

* Auto focusing and auto film loading. 

* Motorized film transport and rewind. 

+ AF-integrated dual-area metering for 
best exposure. » Auto flash operation. 

+ High speed program selection. + Auto DX fiim-speed 
setting: 25-1600. * Includes 75-200 auto focus 
zoom lens for super close-up photos. 

+ Focal-plane shutter. + Locking auto focus capability. 

* Manual metering and settings under sliding panel. 

* Large LCD readout. » Program/manual exposure button. 

+ Self timar. * Modol #: 30001. + 2 Year Mtr. woe | 
on body, 5 year Mtr. 


H 


lery. 

+ Comfortable semi- 
‘open-air earpads. 

* Headphone range: 
up to 23 feet. 

* Automatic level- 
control circuitry for 
crisp, clean listening. 


as a recharger too. 
Up to 6 hours of 
ume per 


g Compain with 
any audio/video 
equipment. 

"Includes AC 


adaptor and mini-plug adaptor. 


* Model #: MDR-IFSK. 


*One bsp Mtr. Warranty! p 


Customer Service: 1-612-531-0082 
NAME 


ADDRESS. 
CITY 
PHONE 
CARD NO. 
SIGNATURE 


ZIP 


= 
L 


EXP. DATE 


Send To: DAMARK International, Inc., 7101 Winnetka Ave. N., Mpls., MN 55428-1619 


Recycled Paper 


CORDLESS _ 


Se DUE 
| 
| 


* Factory New & Perfect! 
- Fax/Phone 


EADPHONES Auto Switch 


* No need for a dedicated fax line. 

| + Fax/phone auto switch allows your new fax to share 
existing phone line. 

* Works on all Group 3 fax machines. 

+ Single switch to lock out either voice or fax calls. 

+ Front panel status lights indicate modes of operation. 

* SmartMax handles power outages by automatically 

| switching to phone-only mode, 

| * Allows manual override so you can send a fax to the 

|. person you're talking to on the phone. 

| * 24-Hour customer service line. + Easy installation. 


| * UL listed. = FCC certified. 
ir. Sugg. Retai: $245.00 


* Dim: 4" x 7" x 1-1/2". 
DAMARK $ 9 
PRICE 9 99 
"tem No, B-2321-128934 
insured Ship/Hand. 50 


I 
| 
| 


Mir. Sugg. Retai: $199.95 


nas 12919 


Mem No. B-2321-148023 


Model 1 
+2 Yr. Mfr. Warranty! 
+ Factory New! & Perfect! 


SUB TOTAL 


in MN add 6% Sales Tax 
Check/Money Order 


Total S/H/I 


GRAND TOTAL 
B-2321 


Copyright 1990 DAMARK International, Inc. 
All rights reserved. 
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SINGERS! 


REMOVE VOCALS 
FROM RECORDS AND CDs! 


SING WITH THE WORLD'S BEST BANDS! 
An Unlimited supply of Backgrounds from standard 


connects easily to a home component stereo. This 
unique product is manufactured and sold Exclusively by 
LT Sound - Not sold through dealers. Call or write for a 
Free Brochure and Demo Record. 

und, Dept.PS-3,7980 LT Parkway 
Lithonia, GA 30058 (404 482-4724 


Manufactured and Sold Exclusive! Sound 
24 HOUR PHONE DEMO LINE: (204]462-2485 


ITS NEW 


THE ELECTRIC 
MASSAGE 
CUSHION 
Massages backand thighs 
with six vibrators while driv- 
ing your auto, sitting in your favorite chair, or at the 
office. Plug into cigarette lighter or 110 household 
current. Cushion is helpful in reducing stress, re- 
lieves backache, relaxes entire body. Portable, can 
be carried anywhere. 1/2 price sale. Sugg Retail 
$478-95: Special offer this issue ONLY $89.95. 
Send check or M/O- 15 day money back guarantee. 
Add $6.95 S&H. D&B INDUSTRIES Dept. BEV 
P.O. Box 6191, Ft. Myers, FL 33911. 
GREAT CHRISTMAS GIFT 


FREE CATALOG! 
1-800-648-7938 


JERROLD HAMLIN OAK ETC 


CABLE TV 
DESCRAMBLERS 


* Special Dealer Prices! 

* Compare our Low Retail Prices! 
* Guaranteed Prices & Warranties! 
* Orders Shipped Immediately! 


es CABLE PRODUCTS, INC. 
4080 Paradise Rd. #15, Dept. 511 
Las Vegas, NV 89109 
— For all other information (702) 362-9026 


AMAMO | 1791b fying | machine 
CLIMBS to 10,000 feet 
required MO WINGS or Helicopter blades 
ETELY TRANSPORTABLE SAPEST, Eas 


WOOD HEAT 


woop 
HEAT YOUR ENTIRE HOME 


A "= Call 1-218-326-6786 or Write 


Charmas ter^ 


2307 C HWY 2 
GRAND RAPIDS, MN 55748 


Yeamound tamiy fun! You have to 
seo this crant to it, Fascinating video with complete 
information on the sales! most unique aircraft ever conceived by 
man. Destined to be the hottest seling aircraft in the world. Video in 
VHS, Beta or PAL Add $10 for Beta, $20 for PAL. Add $2 S/H for 
Canadian, $10 Foreign, U.S. Funds Only. WA State, add 75%. 
Send check, money order of cali for COD 


muons 3 
RCRAFI 3 
M ESCAS R : 


FAX: 509-457-0792 


Buy your 


MATRAC. 


FACTORY- 
ASSEMBLED 
or in KIT 


Use it to landscape your home or 

build a road; Garden; Haul logs, 

clear trees and brush; Excavate 

for a basement or pool ..... and 

Do It All Yourself. Do work 

for others to earn Extra CASH! 

© CATALOG — shows all uses... $1.00 

€ TECHNICAL MANUAL. $7.00 

© VIDEO ~ 30 minutes. $18.00 
STRUCK-KIT * Dept: PS100 

CEDARBURG, WISCONSIN 53012 


for making Ornamental 
Concrete Items 

Book about Aluminum Molds 
including over 425 designs 
prices and production trade 
secrets from the world's 
largest mold manufacturer 


CONCRETE MACHINERY CO., INC. 


P.O. Box S99, Hickory, NC 28603 


Jerrold, oe) Scientific Atlanta, Oak, Zenith, Bagje 
‘and other famous manufacturers 


Best Retail/Wholesale Prices 
30 days money back guarantee 
FREE ic page Catalog 
1-800-445-9285 


Call Toll Free: 
U.S.Cable T.V. Inc. Dept.K8810 


4100 N.Powerline Rd., Suite F-4 


with 


Yes, it's really possible by making 
and seling bright, colorful Badge 

A-Minit buttons. Buttons are 

proven money-makers at fairs, 

fiea markets, conventions, or 

anywhere people congregate. 

They're fast and easy to make 

with Badge-a-Minit and 

inexpensive! 

Send for a FREE Full color 

catalog and idea book, or 

send for a Starter Kit, only 

$29.95 plus $1.75 shipping 

(IL residents add $1.87 tax) 

BADGE-A-Minit, Dept PS1090. 

348 North 30M RO, Box B00, LaSate, IL 61201, Phone (15) 2242000 


"or Northern Clim 


Free gaa ees GREENHOUSE PLANS! 


MAKE to D Yearly With 
A SINGLE GREENHOUSE! 
See Our Book on a 100% Money-Back Guarantee! 
Secrets to a Successful Greenhouse Business 
and Other Profitable Horticultural Projects 


39 x 96 
But For 
Under $1500. 


Send $19.95 + $2.00 Shipping to: T.M. TAYLOR CO. 
P.O. Box 500544 - Dept. S, FL 32950 


IF YOU'RE NOT 
RECYCLING 
YOU'RE THROWING 
IT ALL AWAY. 


1-800-CALL-EDF 
ESF 


CABLE TV 
DESCRAMBLER LIQUIDATION! 


* Major Makes & Models! 
* Will match or beat anyone's prices! 
* Dealer discounts at 5 units! 

* Examples: 


HAMLIN COMBOS . $44 ea. (Min. 5) 
OAK ADD/ON $40 ea. (Min. 5) 
OAK M35B $60 ea. (Min. 5) 


WEST COAST ELECTRONICS 
For Information: 818-709-1758 
Catalogs & Orders: 800-628-9656 


ISTORI 
NON HIRÍNG MODEL GUNS... 
F Sate! Ful size. Zinc alloy. Realistic 
parts. Cannot chamber or fire 
real ammo Assembled, FREE Catalog [usmon 
I COLLECTOR'S ARMOURY crest 


120 Sirs Lane p 
Dent PS, MM En 51S | Long 62 


canna VA22313 Tol Free 24 Hrs. | Wee 


w k k k k PRESENTING + $c c 


PLAYER PIANOS 


Give an old piano antique 

> value! Make it worth $6,000 

U as a Player Piano or coin-op 
nickelodeon. Easy to install 

f patented kits (5 hour) from 

$900. Send $10 for color 

4 catalog, piano price guide, 

roll list and sales tips to: 

RAGTIME 4218 Jessup Rd. C. 

CA 95307 (209) 667-5525 


* X STARRING d dcc 


RROLD, HAMLIN, 
AND OTHER FAMOUS MANUFACTURERS 


* FINEST WARRANTY PROGRAM AVAILABLE 
* LOWEST RETAL/ WHOLESALE PRICES IN U S. 

* ORDERS SHIPPED FROM STOCK WITHIN 24 HOURS 

FOR FREE CATALOG ONLY 1-800-345-8927 

FOR ALL INFORMATION 1-818-709-9937, 


= 


PACIFIC CABLE CO., INC. 
7325¥2 Reseda Blvd., Dept 1448 
Reseda, CA 91335 


Now! Cash in on emergency shortages of 


qualified people in 4 fast-growing fields. 
FREE OPPORTUNITY KITS tell you how... 


There's no obligation or cost to find out how to start 
your own profitable full—or part-time business— with 
little investment and zero risk! What do small-engine 
repair technicians, upholsterers, locksmiths and saw-and- 
tool sharpeners have in common? There are not nearly 
enough of them to keep up with the demand! 


Take locksmiths, for example. Did you know that there is 


only one qualified locksmith for every 17,000 people in 


America? The shortage of qualified practitioners in these 
four trades is creating inflated prices and big profits for 
those few who have the skills to take on these kinds of 
work. 

Now you can be among the lucky few. Foley-Belsaw 
has four easy ways to get you started in these lucrative 
fields — there's no better time to launch your own money- 
making business! 


ake your pick from four profitable businesses! 


Small Engine Service and Repair 
There are 65 million small engines in use today — but 
very few people qualified to service them. This is one of 

America's fastest 
growing indus- 
tries, and with 
Foley-Belsaw 
training you get 
the skills to cash in 
on it! People will 

lj pay you top dollar 
to service their 

B lawnmowers, 
tillers, edgers... 
the list is almost 
endless! 


It is estimated that 

there are more than 

401,950,000 pieces of 

furniture in America 

that need re-covering 

and repair every five to 

ten years. Take this 

course and you can 

become one of the few 

craftsmen that indi- 

viduals and companies 

seek out to eave a 

upholster these pieces. 

In no time you'll be 

making big profits upholstering, rebuilding and restyling 
chairs, sofas, love seats, automobile seat covers...any 
piece of furniture! 


NO EXPERIENCE NEEDED — SHORTCUT TRAIN- 
ING HELPS YOU TO LEARN QUICKLY AT HOME 

Foley-Belsaw's unique "hands-on" training approach makes 
learning easy. You gain skills quickly in your spare time at home 
— and you earn cash while you learn. Plus, you get "extras" 
other courses don't offer—like a 100% money-back guarantee... 
all the professional tools and equipment you need at no 
additional cost and step-by-step instructions on how to start your 
business. And all graduates receive the handsome Foley-Belsaw 
Institute Diploma, a symbol of achievement that's respected 
worldwide. 


“I did $7,000 part time...I think I should make about $20,000 a 


year the way I have it planned." / FOLEY Y 
Gene Marvin BELSAW / 
SINCE 192 


TTT 


| O Small Engine Service 


| Name 


| see 


ri Locksmithing 
Never before have 


ian | opportunities been so 
‘eat for qualified 
locksmiths. With 
crime zooming, the 
lock and key business 
has multiplied a 
thousandfold. This 
Foley-Belsaw course 
gives you everything 
you need to start 
'our own locksmith 
usiness — including 
a Pro Key Machine at no extra cost! The work's easy, the 
money's good and the demand is skyrocketing. 


d Saw & Tool Sharpenin 


Here's a product that will get you into a business where 
90e out of every dollar is cash profit! It's the Foley-Belsaw 
Sharp-All. It's so easy to 

use you can learn in an af- 

ternoon. There is a big 

demand for sharpening — 

contractors, carpenters, 

homeowners all need this 

important service...but 

there are very few who 

can provide it. This all-in- 

one tool makes you one of 

them. A complete manual 

provides all the step-by- 

Step sharpening training 

you'll ever need. 


Send for your FREE OPPORTUNITY KIT today! 
Simply complete and return the coupon below: 


Yes! Send me the following OPPORTUNITY KIT: 
(Check one FREE KIT only) 


A Professional Saw 
&Repair, Dept. 51897 & Tool Sharpening, Dept. 20950 


O Locksmithing, Dept.11888 L Upholstery, Dept. 80672 


| I understand there is no obligation and no salesman will ever call. 


Mail to: 
Foley-Belsaw Institute 
6301 Equitable Road 
Kansas City MO 64120 


City/State/Zip 


See eee 


Classified Opportunity Mart - 


Reach 4.4 million readers every month with an ad in Popular Sciences 
Classified Opportunity Mart. December Issue Deadline (on sale 
November 13) is September 25. Rates: $10.50 per word. Min. ad 10 words. 
Darker type (Bold) words $1.00 per word extra. Display Classified: 
$585 per inch. Payment with order, or charge your Visa, MC, Amer. 


Exp, or Diners Club Account (give # & exp.) Advertisers using box 
number in ad must furnish name & street address for our records. 
Send order & remittance payable to POPULAR SCIENCE, Classified 
Dept. 6C, 2 Park Avenue, New York, NY 10016, 212-779-5163. For 
advertising information call 800-445-2714. Fax #: 212-779-5568. 


Dorothy Ellis, Classified Advertising 


CABLE TV 


DESCRAMBLERS 


JERROLD $105.00 


COPY GUARD $59.95 
STARGATE... $99.00 
IZENITH — $185.00 


MANY MORE... CALL OR WRITE FOR 
FREE FAST INFORMATION. 
YOUR BEST BUY'S & WARRANTIES 
FOR CABLE CONVERTERS AND 
IDESCRAMBLERS START WITH A 
FREE Pn FROM: 

NICS INC. 


OMAHA, NE 681 


ORDERS AND CATALOGS CALL 


FOR INFORMATION PLEASE CALL. 


(402)554-0417 


STOP JAMMIMG ME 


If you rent vidco tapes they're 
jamming you too. 
When playing back rented movies you will notice 


‘Completely automatic no adjustments. 
Digital state of the art. 
*Works on all TV's, VCR's, Beta, Cable. 


Order toll free KA 
1-800-624-1150 


or write for your free catalog 
402-554-0383 

Everquest Corp. 875 So.72nd 
Omaha, Ne. 68114. 


7-day Satis. GIA. NO COO ORDER NOW! WELL E TODAY! | 
BLACKHAWK „CAU 800-228-2323 018150222 
ROSSBOWS INC.3017777 P. Sat ak 


CABLE TV DESCRAMBLERS! 
BARGAIN HEADQUARTERS! 


*JERROLD™ *TOCOM *HAMLIN 
*OAK *ZENITH 
*SCIENTIFIC ATLANTA 


6 month warranty! We ship C.0.0.! 
Lowest retail/wholesale prices! 
FREE CATALOG: 

Global Cable Network 
1032 Irving St. Suite 109-E. 
S.F., CA 94122 
NO CALIFORNIA SALES!!! 


ORDER TODAY! 1-800-327-8544 


Cable TV 
Descramblers 


If you find a better deal, 
we'll better our deal. 
“Jerrold *Tocom “Hamiin “Oak 
“Scientific Atlanta “Zenith 
Ask about our extended warranty 
Program. 


COD, Visa, M/C welcome. 
Free Call — Free Catalog. 


Video Tech 800-562-6884 
2702S. Virginia St., Ste. 160-304 
Reno, NV 89502. 


AUTOMOBILES 


VAPOR Carburetor Triples MPG. Free Infor- 
mation. H&A, R2PS, Bowling Green, MO 
63334. 


$225 DAILY "CHROME PLATING" 
AUTO PARTS, MOTORCYCLES, INEX- 
PENSIVE, EASY, (FREE) information: 
Chrome, Box 2285S, Waldorf, Maryland 
20604. 


DRUG RAID SEIZURES! Buy Dirt 
Cheap. Mercedes, Fords, Porsches, vans, 
Trucks: Write: Seizures: Box 4309-YA, West 
Covina, CA 91791. 


GOVERNMENT SEIZED Vehicles from 
$100. Fords. Mercedes. Corvettes. Chevys. 
Supion: Your area. (1) 805-687-6000 Ext. 
S-20025. 


PRACTICAL FUEL SAVING for Carbu- 
retors and Fuel Injection. Free Details, 
Eagle Research, 1-800-663-4758, 1-604- 
261229. 


Much Better Mileage Patent le Fuel 
Regulators 800/327. 


RETOR ENHANCER. Can 


CHANGE fuel pressure as you drive; 
ted, Cag 


How To Buy 
Seized Autos 
Dirt Cheap 


Late-model Luxury Autos, Yachts, 
Boats, Airplanes, Vans, Trucks, Fur- 
niture, Stereos, TV's, Expensive Jewel- 
Ty. much, much more seized in Govt 
Drug Raids and Surplus. Buy for own 
use or resell at BIG PROFITS. Sales 
now being held in your area and 
around U.S.A. For information phone 


1-216-453-3000, Ext. A9366 
© 198$ DSAEAT2Z-1 


MOPEDS, Electric Cars plus parts, man- 
uals, accessories, unique catalog $5.00. 


Performance Speedway, 2810-C, Algonquin, 
Jacksonville, FL 32210. 


BUY ANY CAR AT $50 OVER IN- 
VOICE! Proven booklet reveals system. 
Send $7.00 to: Quinlan, Box 10676, Dept. 
PS-10, Goldsboro, NC 27532 


AUTO DEER ALERTS 
PREVENT COSTLY ACCIDENTS 
(High Frequency Sound Waves Warn Animals Away) 


Ce 


$3.95 (Per Pei) Plas $1.25 +H 

MAIL $5.20 (PA RES. $5.50) TO: 

M & M SPECIALTIES 

P.O. BOX L796, (DEPT PS) LANGHORNE. PA 19047 


STOP GIVING YOUR MONEY TO ME- 
CHANICS. Learn Tune-up and Mainte- 
nance using my Video Cassette. Easy 

instructions and tips. Only $19.95 
. Automat Productions, PO Box 10, 
Dow IL 62022. 


FAMOUS POGUE 200 MPG carb 
drawings/details $3.00. J.D., 8905 Blueri 
Dr, Tampa, FL 33619. 


CAR. HOME. OFFI 

End “Lost-key” emergencies! New (no maj 

net), easy reach KEY BAG. $1.00 (an| 

stamy ), Cadabra Mfg., B. 
B, Blaine, 3 


55434. 

AUTO BUYERS PRICE GUIDE 199° 
Finally available to the public. All make 
models, not. including exotics. $12.95 
$2.00 shh to Auto Buyers Price Guide, 
3607, Omak, WA 98841. 


AUTO SUPPLIES & EQUIPMENT 


SLICK 50, WE WILL BEAT AN’ 
PRICE! U.S. AUTO-TECH, 
227-5425. FREE CATALOGUE! 


's CORVAM 
Shelburne Falls, MA E ned stie] 


FREE OIL For your car. Report used by 
thousands of satiafied car owners, $2, 
SASE. TRH, 535 Elmer, Horseheads, N' 


DAY WASH For Cars! $8.00. T. Schmid! 
827 North Vernon, Dearborn, MI 48128. 


FLAT TIRE? STRANDED? Anyone cai 
loosen lug nuts easily $1995 + $4.00 
EZ Wheel-Off Co., 2535 W 237th St., #113] 
Torrance, CA 90505. (213) 534-1058. 


AS SEEN ON T.V! - GLO SHIELD 
QLA! ILD Automotive, Boat, House- 
hold lucts. Saves You Time ané 
Money! Easy to use! 2,000,000 Satisfied Cus: 
tomers! ye r Guarantee! Catalogue $2.00 
40 Wall , Suite 2124, New York, N.Y. 
10005. 


AUTO GIFTS. Free Information 
(604)985-7098. Pleezelp Roadsij $13.95. 
Blindspot Mirrors $7.95. Box North 
Vancouver, British Columbia V7L 4L2. 


POLICE RADAR - FOR RACING, 
BASEBALL, ETC. USED, STARTING 
AT $199. WARRANTY. CATALOG. AIS 
Sal ITE, '800-AIS-200 


MOW TO MAKE $3200 Of the Best 
Wheel cleaner available FOR UNDER 
$20.00 secret revealed $10.00. S. Powell 
Suite #304-A, 5036 Coronado Pkway, Na 
ples, FL 33999. 


SAVE; now! Amazin im engine oil 
treatment. $745 Silveralip ip ^ ist PSO Sin 
ny Glen, Fort Worth, TX 76 


AIR CONDITIONING 


AIR CONDITIONING Contractor Tells 
How To Size And Install Central A/C In Your 
Home, Complete! $10.95 plus $2.00 P&H. 
‘Top Shelf Promotions, 227 Grove St., North 
Plainfield, NJ 07060. 


AIR CONDI ING AND HEATING 
FIREPLACES, ACCESSORIES, SUP. 
PLIES, WHOLESALE TO YOU. 1-800. 
SAY-AIR-1. 


ALTERNATE ENERGY 


FREE ENERGY! Fuel-less Motors and 
Generators! H&A. R2EPS, Bowling Green, 
MO 63334. 


FREE HYDROGEN FUEL and OXY. 
GEN from water. Generator uses solar cells. 
Plans and Kit $15.00. Prairie Power, Box 
8291, Edmonton, Alberta, T6H 2W6. 
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ALTERNATE ENERGY (Cont) 


you want Solar Electricity atthe Very Best 
Prices, send$2(Refundable) forourcatalog 
of New & Surplus Solar Electric panels, 
celis, inverters, controllers, books, and 
related technology for independent power 

APPLIEDPHOTOVOLTAICS. 

Box2773, Staunton, VA 24401 
"Bringing thecostof Solar Electricity down. 
to earth. 


SOLAR collectors you construct. Send 
p. 10909-PS Hayvenhurst, Granada 
ills, CÀ 91344 


MICRONUCLEAR PHYSICS: The New 
ience for High Energy Production. 72 page 
say, $20.00, Cintronics, PO Box 29520, 
A, CA 90029. 


E 


TOTAL power with the PERPETUAL 
IERATING SYSTEM. Send $7.50, Box 
, Fairfax, SC 29827. 


BETTER HEALTH 


BUILD BIGGER! POWERFUL MUS- 
CLES, FAST! FREE BOOKLET, HER- 
CULES BODYBUILDING, 1223 Borg-S, 
‘Temperance, MI 48182. 


Coos Desperate? Don't 

j! Safe permanent plan. RUSH 6.00. 

STUDIOS, Box 24249, Apple Valley, MN 
55124 


BOATS, INBOARD & OUTBOARD 
MOTORS 


BOAT KITS—PLANS—PATTERNS— 
CHOOSE FROM HUGE SELECTION— 
8'/70" — Powerboats — Sailboats — 
Houseboats — Rowboats — Hydroplanes — 
Tunnelhulls — Duckboats — Canoes — 
Kayaks — Dinghies — SUPPLIES — 
Epoxies — Fiberglass — Foam — SEND 
FOR GIANT ILLUSTRATED CATALOG 
$3.00 ($5.00 airmail) —Book “Amateur 
Boatbuilding” $6.00—CLARKCRAFT 16- 
S Aqualane, Tonawanda NY 14150. 


SOLAR COOKER You Can Build. Com- 
lete Plans $6.00. OSLAR TECHNICAL, 
.P.O. Box 472, Niagara Falls, NY 14305. 


“Boar PLANS—PATTERNS—KITS— 
Hundreds of Proven Designs—7’/55'— 
Hydroplanes—Canoes—Kayaks—Row- 
boats—Duckboats—Dories—Bassboat: 


FPES ENERGY, Join Space Ene: 
ion, FREE, Newsletter. SEA/US, pò 
Box Clo Clearwater, FL 34616. 


MAGNETISM? FUTURE POWER? 
(XCITING Literature Send $6.95 to MAG- 


“GETTING Started In Stained Glass" 
1.00. Whittemore, Box 2065X, Hanover, 


COLOR YOUR OWN CARDS Great 
ifts Christmas, Birthday, Or All Occasion 
5.00 Set. Sister-T, P.O. Box 323, Bradenton 
each, FL 34217. 


€ UP TO 80 POUNDS THRI 
USING SIMPLE MATERIALS! 
© FOR JUST PENNIES APIECE! 
rockets 
Homemade ferte 


arcoal f 
My thousands o fee: Speeds to MACH I! 
‘Writ lor oor catalogue, and x 


MUGE FLYING Rocket Kits. Motors. 
$1.00. HSR, Box 5127, Reno NV 89513. 


ET TRACKER! Remarkable design. Com- 
plete plans $5.00. MCS Technology, Box 
Burbank, CA 91510. 


ROCKETS Easily made. $1.00 SASE, 
CHEMX, Box 0945R, Gadsden, AL 35902. 


ALL TERRAIN VEHICLES 


BUY ONE AND WE'LL MAKE 
YOU AN EXCLUSIVE DEALER. 


(2l-years-old and over, Please) 


Call Toll-Free 1-800-255-2511 


(From anywhere in the U.S. or Canada) 


Recreatives Industries, Inc. 
60 Depot Street, Buffalo, NY 14206 


AGENTS WANTED 


122% PROFIT. Meet Big Demand For 
Relief from driving fatigue, stress, pain! 
New woodbeaded Massage Cushion. Free 
information. 800-999-1089 


Sailboats—Houseboats—Sportfishers— 
Latest Technology Simple. Stitchenglue. 


68 page DE: BOOK-—$4.00 
MA. eludes FREE "Bontbullding Sup. 
plies” catalog. Book: 312 page BOAT- 
B ILDING WITH PL) NEW 3rd 
Edition ONLY $25.95. GLEN-L, 9152 Rose- 
crans, Box 1804/PSZG, Beliflower, CA 
90706. 


m vm NDS 
Al’ Stes $200 Han 
aling Se Scott McCulloch parts. -` Electra Ma- 


rine, 610 Merrick Road, Lynbrook, New 
York 11563. (516)599-3003. 


BUSINESS OPPORTUNITIES 


Mere: WEEKLY. Free information. 
Stai Lh Progress, Box 93248, 
A 3. 


‘Angel 


$1804 MONTHLY! Buy/sell cars (spare- 
time). Revealing proof! Write: CODEX, 507 


Oak Drive, Friendswood, TX 77546. 


TAKE PICTURES [or profit. Camera 
Ventures, Box 771, Lamara, CO 81052. 


uy 1 ROUND Som “Junked” Tires! 
iated). LaVallee, 286P, Ox- 
iat L 


MILLIONAIRE Mailorder Expert Re- 
veals Money-Making Secrets. Free, exciting 
hour cassette: Melvyn Powers, No. Holly- 
wood, California 91609. 


$225 DAILY “CHROME PLATING” 

RTS, 'YCLES, INEX- 
PENSIVE, EASY, (FREE) information: 
Chrome, Box 2285S, Waldorf, Maryland 
20604. 


MAKE $7,000 monthly as Loan Broker 
without investment/experience. Financial, 
Box 3578-Y, Anaheim, 


$500 WEEKLY mailing ads. Admailers 
Associates. Box 51063, Durham, NC 27712. 


MECHANICALLY inclined individuals 
desiring High Weekly Profits operating 
Small Manufacturing business Without In- 
vestment write: Businesses-P, Box 9008, 
Baldwin N.Y. 11510-9008. 


RECONDITION BATTERIES. Easily 
Earn Hundreds Weekly. Untold Secrets. 
Free Information. Battery Outlet, Box 
3300-8, Hickory, NC 28603. 


$10,000 MONTHLY Taking Photo- 
graphs at Home! Call recorded message: 
305) 674-8155. 


iCYCLE METALS, NO, NOT BEER 
CANS! Easy $458 weekly! Free informa- 
tion, Hornsbys, Box 1214, Franklin, TN 
37065-1214. 


$392.00 FROM Square Foot Plywood Huge 
Demand! Revealing Proof $1.00 (Refundable). 
Woodwins, Bridgewater, Mass 02324-2299. 


S15 eo mouriay, Income! E Mon- 
eymaking Plan. No Investment. Mcl 
Box 5529-Y, Diamond Bar, CA 91765. 


NEED MONEY? Free Grants, Signature. 
Loans, Business Loans. Write: Action #7-Y, 
Box 5499, Diamond Bar, CA 91765. 


ime portable eed PRINTER. Chea 
table. Free details. Bumper, P. 
Box: E25 (LLC), Tampa, FL 33622 


MAKE HOMEMADE BOOKLETS. 
PVE EARNED $187,000 WITH MINE. 
MONEY NEVER STOPS! Free informa- 
tion: Bote P.O. Box 5320, Sevierville TN. 

7864. 


HYDRAULIC JACK REPAIR MANU- 
AL AND CATALOG $10.00. HYDRAU- 
LIC PARTS SUPPLY, 


Earn, Thousands $898. Yearly! 
1-900-420-8253, Ext. 10. $10. Free Manual! 
Jobs Now! 


FORMICA: Repair Burned and Damaged 
Countertops WITHOUT REPLACE- 
MENT! Quick, easy to $600/day. Change 
countertop Colors WITHOUT REMODEL- 
ING! Millions of apartments, homes pay 
profits immediately. Introductory package 
FREE! 206/256-9742. Introductory Video- 
tape $14. RENEW-ALL BOX 9900:SS, Van- 
couver, WA 98668. 


ASSEMBLE Products At Home For Free 
Information Call 800-462-1128 Ext 90PS 


LET THE GOVERNMENT FINANCE 
your small business. Grants/loans to 
$500,000. Free recorded message: 
707-448-0270. G6) 


$40,000 ON.1^ ACRE! New hydroponics 
- inexpensive, pleasant, practical! Free infor- 
mation. Planters, Box 1214, Franklin, TN 
37065-1214. 


ADVERTISE free in 550 Magazines. 
$5.00. Directory, Box 11W, Atlanta, GA 
30301 


MAKE YOUR DREAM COME TRUE. 
EARN $60,000 YEARLY REPAIRING 


SMALL CRACKS IN WINDSHIELDS 
NOT REPLACING THEM. CALL TOLL 
FREE 1 (800) 826-8523 U.S/CANADA 


MAKE Rubber Stam 
Business. Free Details. 
(LLC), Tampa, FL 33622. 


Highly Profitable 
tamper, POB 22809 


EE SAMPLE! Miracle Polishing Cloth. 
profit plan! R&S, 1312-PS Washing- 
Louis, MO 3. (314) 241-846: 


HOME Assembly Work Available! Guar- 
anteed Easy Money! Free Details! 
Homework-PS, Box 520, Danville, NH 
03819 


SPARE Time Fortune in Vinyl Repair. 
Huge demand d profits. Every- 
thing supplied, Details free. VIP, 2036 Mon- 

icago 606 


MAILORDER OPPORTUNITY: Start 
profitable home business without exper- 
tence or capital, Free book: Mail Order 
Associates, Dept. 673, Montvale, 


“SELL MONEY!" Become a Loan 
Broker! Free details. Dept PS 225, Financial 
Planning. 210 5th Avenue, New York, 
10010, (718) 768-6803 Ext, 200 (24 Hrs.) 


STHOUSANDS Monthly Possible From 
Home. Satisfaction Guaranteed. No Gim- 
micks, Just Real Proven Facts, For More 
Informations Write: Success Unlimited, Box 
159 Dept S-9, Lemon Grove, CA 9204: 


MAKE $50/HR. WORKING EVE. 
NINGS OR WEEKENDS in your own elec- 
tronics business. Send for free facts. MJES 
INDUSTRY, Box 531, Bronx, NY 
10461-0208. 


NEW! GROW EXPENSIVE PLANTS. 
SELL FOR 2,000% PROFIT. Free infor- 
mation. GROWBIZ, Box 306-S10. Seminary, 
MS 39479, 


HIGH PROFITS WITH CUSTOM 
TSHIRTS AND CAPS. Transfer machines, 
supplies, PRESS, POB 22809(LL0), Tampa, 


EARN up to $500 weekly mailin bugs 
Free Details. Omega, Box 4309- 4309F, Wen 
Covina, CA 91791. 


DS YOUR NAME TO EV- 
SINESS OPPORTUNITY 
O. BOX 59, 


MECHANICALLY Inclined? Home Bu: 
ness Pays $96,000 LG a aine, Box 
4410, Arlington, Virgini 


REASONABLE EFFORT make money- 
mailorder opportunities. Free details, Three 
Z Distribution, 24 Shaftesbury Ave., 
Guelph, Ont. NIE 1K5 Canada. 


SUPPLEMENT your income working at 
home! Earn money mailing circulars, 
supply all materials For informations send a 
SASE. and $1.00 to: Darren Page, 
4131, Jeffersonville, IN 47131, 


HOW TO Start And Operate Your Own 
PROFITABLE Home Business. FREE De- 
mu Golden, Box 6194, Lake Charles, LA 


MAILORDER SECI '$ REVEALED! 
Free details: Larry Holze, 1510 Easy St., 
Elgin, IL 60123. 

MONEY NOW For All Your Dreams, Free 
Details, Books, Ete., 1931 Wilson # 312, 
Batavia, IL 60510. 


FANTASTIC rtunity To Earn Big 
$$$ At Home! Lua )y-Step Book Shows You 
How. It Really Works! Free Info. Financial 
Freedom, 151 Pamela St., Box 11, Vallejo, 
CA 94589. 


START A MILLION dollar mail order 
business. We drop-ship 2955 best selling 
roducts. Lowest below wholesale prices. 
immediate delivery. Spectacular home busi- 
ness opportunity. FREE BOOK. SMC, 9401 
De Soto Ave, Dept. 28-20, Chatsworth, CA. 
91311-4991. 


AR VERTHE ERE 290 Magazines, 
pes og Radio, Television. $5.95: Direc- 
14107DB. Jackson, MS 39236. 


DRUG RAID SEIZURES! Buy dirt 
cheap. Cars, houses, boats, computers, furni- 
ture. Write: Seizure: Box 4309-YD West 
Covina, CA 91791 


FANTASTIC Money-Maker Details: 
$1.00 and Stamped 135 W. Nuevo, 
Ste-B-221, Perris, CA 92370. 


RECEIVE All Free Ads In This Maga- 
zine, SAVE MONEY AND TIME Send 
$2.00 To: Stott, Box 714, Swanton VT 05488. 


“Aa No-Nonsense Way To $500 A Day" 
$2.00 + self addressed stamped envelope to: 
Pruett’s, P.O. Box 1965, Livingston, TX 
71351. 


HOMEWORKERS WANTED! Immedi- 
ate Earnings!...Free Supplies... Top 
Pay!...Free Details: tunities, Box 367- 
PS, Fryeburg, ME d. 


SELL PICTURES. Detailed buyers list, 
instructions, $2.00: HOTOMARKETS, 
P.O. Box 8195-166, Blaine, WA 98230 


SEVEN MOST PROFITABLE Home 
Businesses? Free Information. Suttons, 201 
Minnesota, Box 232, Geronimo, OK 73543. 


HOW TO START PROFITABLE home 
business. Free information. Send SASE to: 
J.P. Enterprises, P.O. Box 1573, Taft, CA 
93268-1573. 


$1,500 A DAY RECEIVING 900-Pay- 
Per-Dial-Calls! No Investment. Use Our 
juipment. Advanced System. Call Demo 
446-5151. Write: PhoneLink, Box 801, 
Southeastern, PA 19399. 


READ BOOKS for NS Call 
1-900-847-7700 ($0.99/min) or Write: PASE - 
RS7, 161 Lincolnway, North Aurora, IL 
60542 


GET PAID for mailing letters! Write: PASSE- 
WIS. 161 Lincolnway, North Aurora, IL 60542. 


IMPORT-EXPORT opportu profita- 
ble world-wide, mail R ler business from 
home, without capital. We ship plan for no 
risk examination. Experience unnecessary. 
Free Report. Mellinger, Dept. A269C, 
California 9136: 


ASSEMBLE PRODUCTS AT HOME. | 
Easy Work! New Recorded Information! 
(315) 397-2317 Anytime! Extension 101. — | 


CAN YOU MIX CEMENT? This Busi- 
ness Is For You. Make And Install 
Pavingblocks For Big Profit. Details. Beck 
Engineering, PO. Box 1304, Melville, NY 
11747. 


PROFITABLE Gold Foil Printer. Person- 
alize business cards, pencils, matches. Free 
details, Gold, PO. Box 24986 (LLC), Tampa, 
FL 33623. 


MAKE A FORTUNE! Guaranteed. How 
To Book Reveals Over 30 Sources. FREE 
DETAILS. John Baez Co., 2 Thayer St., Dept 
5C, N.Y., NY 10040. 


START your own business. Easy! Profita- 
ble! Little or no capital needed!! Free details, 
Business Success +, Box 152M, Greendale, 
WI53129. 
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BUSINESS OPPORTUNITIES (Cont 


AMATEUR PHOTOGRAPHERS want- 
ed! $1800 daily! Call 1-900-230-3636 ($0.99/ 
min) or Write: PASE- DP1, 161 Lincolnway, 
North Aurora, IL 60542. 


BE THE PROUD OWNER OF ONE OF 
THE MOST PROFITABLE HOME 
BASED BUSINESSES IN AMERICA 
TODAY. EARN THOUSANDS OF DOL- 
LARS IN SPARE TIME. FREE INFO: 
CARLI INC - 50 LEXINGTON AV. STE 
108E - NEW YORK, NY 10010. 


MAKE $50,000 Yearly From Trash, Wells, 
62 Pleasant, Warren, PÀ 16365. 


SIX Dynamic New Business Plans! No big 
investment! Sj time! Write: OHA, Box 
24168, Jersey City, NJ 07304. 


How To Save Thousands$$ On Your 
Mortgage. $4.00. Pedersen, 5620 Ipsut, 
Lacey WA 98503. 


900% PROFIT SELLING 
INFORMATION BY MAIL 


Earn up to 900% profi seling books, 
manuals, reports and reprints by mail 


For more details and 15 mail-order plans. 


P.O. Box 50073, Washington, DC 20091-0073 


INDEPENDENCE AND WEALTH! EX- 
ECUTIVE MAILORDER BUSINESS. 
FREE DETAILS. LINMARK, DEPT. S10, 
10336 GALAHAD, EL PASO, TX 
79924-2909. 


STOCK CLEARANCE Sale of 
Copyright/Reproductions Rights too's 
Guides/Manuals LDWÍIDE PUB- 
LISHERS, ee 3048-P, 2800, Delemont 
SWITZERLAN) 


MAKE MONEY FISHING Anyone can. 
d 2.00. Spancar, Box 33178, Tulsa, OK 
4135. 


TAKE PICTURES FOR PROFIT. 
Anyone can do it! For immediate informa- 
tion send $3.00 plus $1.00 S&H to: Dana 
Enterprises, 1209 Route 27, Suite 1350, 
Somerset, NJ 08873. 


PIANO TUNING Academy, 127178 Ger- 
mania, Alexander AR 72002 PROFITABLE 
HOMESCHOOL. 


detoonebs. POTENTIAL Erase Bad 
FREE Details. ADR, Dept. ey 
ED Ni St PO Box 731, Lockport, N' 


ADVERTISE FREE, 700 Magazines, 
$7.00, GUARANTEED. FS, Box 298-H, 
Oliver Spring, TN 37840-0298. 


BECOME A REAL ESTATE AP- 
PRAISER. $100,000 PLUS POTEN- 
TIAL. HOME STUDY. EARN PROFES- 


SIONAL CERTIFICATION. FREE 
LITERATURE. 800-223-4542 DEPT. 
RL109. 


ALUMINUM SCRAP—Recycle Yourself 


,00/POUND! FREE 
- PS1090, Box 127, 
Alexandria Bay, New York, 13607. 


MAKE THOUSANDS in spare time 
GUARANTEED. information send $1.00. 
Frank DeVersa Mail Order, 25 Lincoln Trail, 
Hopatcong, NJ 07843. 


BURGLAR—FIRE ALARMS 


BRIGHT Lite-Blasting Shreik Burglar 
Alarms $9.95 + $2.00 Shipping. Carry 
Everywhere For Instant Protection. Send 
Cheque Or Money Order. T&L Enterprises, 
7305 Woodbine Ave., Dept 536, Marl 
Ontario L3R 3V7. 


HOBBY HELICOPTER Ul! 


Itralight True 


Government. Publi 
tion, Principals of and how to fly thém 
$1935. Aviation Specialties, 8990 Harrison, 
Davenport, Iowa 5: 


FLIGHT PLAN PROGRAM for PC com- 
patibles. Provides course, heading, ground- 
Le time enroute and much more! $29. 50- 

monstration Disk $7.00. QUICK NAV 
oorp. 15900 Crenshaw 234, Gardena, CA 
90: 


SAVES LIVES! ELECTRONIC HEAT 


ONLY $34.95. P.O. 
HOUSTON, TX 77284-1854. 


BOOKS—MAGAZINES 


SECRETS: “How To Work Your Way 
Through College,” Booklet. $5.00, Parrella 
pomy 2669 sen Moore Drive #103A, 


GRI MARKET LE 
SEND $19.95 check or moneyorder to C.TS. 
Publishing Co., PO. Box 89, Williams, IN 
47470. 


PUBLISH YOUR BOOK! Join our suc- 
conful authors. All subjects invited. Publici- 

;, advertising, beautiful books. Send for 
[v filled booklet and free manuscript re- 

rt. Carlton Press, Dept. PSV 11 West 32 
Btreet, New York 10001 


ATIVE MAIL ORDER BU: 
NI PLAN, $14.95, Advanced Consul- 
tants, Box 920628-PS, Atlanta, GA 30092. 


MOW to do a Successful Mailing, 
$5.95 +$1.00 S&H, Mailing, Box 2058, 
Windham, NH 03087 


START Lend eens HOME "e 
1 Free Details. LRS Enterprises, 
Wa g St., #203, Berkeley, CA OTL 


“$15000 MONTHLY USING OUR 
BANKING SYSTEM. SEND $1.00 FOR 
EXCITING DETAILS. E.K. PUBLISH- 
ING, P.O.B. 5188 BILLERICA, MA 
01822" 


$500.00 DAILY Videotaping weddings! 
Professional tells how to shoot for fun or 
[s ofit. $6.00 to ARS Enterprises, 800 Kim- 

rton, Suite N14, Phoenixville, PA 19460. 
Bonus Book included! 


AMAZING NEW ALL CASH BUSI- 
ees UNLIMITED POTENTIAL, 
LEGAL, ETHICAL, WORKS, 
QUARANTE! iS arag ECLIPSE, BOX 
552A, DARI LE, AR 72834. 


200 BUSINESS, LEGAL SAMPLE 
LETTERS FOR HOME, BUSINESS. 
EXCELLENT COLLECTION. 

ette or ee Gentili Publishing, 
1144 Austin, Oak Park, IL 60302-1421. 


CREATE YOUR OWN DESTINY! 
Learn to sell information by mail. Write: 
Vestige, 16933 Cedarwood Ct #563, Cer- 
ritos, CA 9070: 


ADVERTI Free! Thousands of Pub- 
lications, $5.00 Directory. Plus DO'S/ 
DONT'S, Instructions/Examples. Box 449B, 
San Jose, CA 95129. 


IT'S TRUE! YOU can make BIG money at 
home. FREE "get-started" information. 
American Publications, 4902-P Stearns, 
Long Beach CA 9081 


PROFITABLE, UNUSUAL, useful elec- 
tronic devices. Free details. Compute, POB 
7247(P19), Naples, FL 33941. 


DISCOVER THE SECRET TO THESE 
MONEY MAKING ADS. FREE INFOR- 
MATION. SEND NAME, ADDRESS. 
MILLHOUSE, 14822 GRATTON, PIER- 
REFONDS, P.Q., CANADA HOH 3P1. 


STEP INSIDE FINANCIAL 
. Lucrative 


He 
Publishing, PO Box 2327, Kingsport, TN 
31662. 


AVIATION 


BOOMERANGS. . . INCREDIBLE RE- 
TURNS! World's Best Hi-Tech Designs. 
Free Illustrated EAR Amazing! 
BoomerangMan, |: 3rd, Monroe, 
LA 71201-4222. 


MEET MANX 


JR PERSONAL FLYING MACHINE 


fina an nexpensvehomebuithelcoper 
‘everything you know about conventional 


r 
fetes Wa have re winen ta boor onnancopier deson 
Tre MANX co-a helcoptar needs oa rotor cate 


Yoduces no torque. Twin counter-rotaing rotors provide 
fail-safe hover and cruise fight with no nobceable vibration 


1 ORDER ALL (3) TEMS (SAVE $1500) 


aU S bark ony) No COO s Nor US add $3 00 postage 
Moshier Technologies 
334 State Set, Sue 106, (Dept. PS4), Los Alios, CA 94022 


Imagine, taking off like a helicopter from 
your backyard and flying to your destina- 
tion at 230 MPHI 

The MONARCH TR-4 could be your 
ultimate freedom machine - no traffic jams 
or busy airports to with, Just 
economical, safe transportation for 2 
people with a range of up to 650 miles. 
Find out more about the development of 
this revolutionary VTOL aircraft. 


Info pack $10 ($12 foreign) 


MONARCH AIRCRAFT CO. 
P. O. Box 1763, Valdosta, GA 31603 


BUY IT WHOLESALE 


CLOSEOUTS! Wholesale! Overruns! 
Freebies! Information (stamp): DDN, Box 
20152-G, Ferndale, Mi in 48220. 


400,000 BARGAINS Below Wholesale! 
Many Free! Liquidations Closeouts! Job 
... Single Samples. Free details. 
inhunters, Box 1409-B, 


aar Sarria (ate ational Ca 
;, huntii 3 < 
ing. 1 items, razy 
Sonni S01. Neoceneck Hi 
try, RT 02816. 


BUY CARS WHOLESALE 
Thousands! New book shows how. 
Send SA SE for free info. JCI, Box 680307, 
Park City, UT 84068-0307. 


COMPUTERS 


BUILD your own Macintosh and save 
50%. New book shows how. Free info. 
Brant's, Box 68708, Portland, OR 97268. 


FREE! IBM SOFTWARE CATALOG. 
2000+ Disks 1-800-345-2983 Mega-Byte 
inc. pe Software Supply. 3601 Morrison 
Road, Denver, CO 8021: 


18M Compatibles Under $500 Parts Guar- 
antee, book ue - pene rire Soft- 
ware, 2301 Ban; 


SAVE MONEY em PC Harddrives, 
Modems, and more yourself. Send $9.95 to: 
Computer Consultants (PO. Box 080946) 
Racine, WI 53406 for Complete instructions. 


GUARANTEED SAVINGS ON PC 
CLONES How to build your own, least ex- 
Poe AEST F Carey 2007 [ouod P 
ners... #182, 
San Jose, CA 95132. T 


COMPUTER OWNERS - Bony ways] 


Huastratad Booklet Samples $800 The d 


formation Warehouse, PO Box 28, How 
Cave, NY 12092. 


COMPUTERS and HARDWARE. 
EST PRICES. Personal and Business Ci 
516-821-3581. 


PRINTER PROGRAMMER / TEXTFILI 
COPIER IBM/Compatibles, MSDOS 2.1 
$24.95. PC Software, PS-10, 935 Etna Drive 
Newport News, VA 23602. 


VIDEO - $15.00 - ASSEMBLE A Pı 
COMPATIBLE COMPUTER FOR UN 
DER $450.00 COMPLETE. Include 
where to bu, es. Also, SOFT 
WARE for $3.00/disk. 1-407-793-883: 
HTSC, 648 Royal Palm Blvd., Royal Palr 
Beach, FL 33411. 


AFFORDABLE LAPTOP! Under 
yunds! Under $200! Full-size keyboar 
tware/Cables included. INTE] 
pU Camino, #337-PS, Palo Alto, C. 


NEED HELP choosing a computer sy 

tem? This manual covers the process i 

Macs, Next, IBM, Unix, and peripl 

erals. What to buy, where to buy it, how t 

choose. Get the answers before you spent 

Over 100. i. $19.95 to Business Schem: 
tics, Box 1567, Paso Robles, CA 93447 


CBRADIO 


BOX 19224PS, DENVER, CO 802: 
CABLE EQUIPMENT 


CABLE T.V. EQUIPMENT 
Why Pay a High Monthly Fee? 


All makes and models! Low Prices, Quantity 
discounts. 60 Day Warranty. Shipment within 24 
hours, Stamped envelope ( 50€) for FREE catalog 


C OD orders accepted 


L & L ELECTRONICS, INC. 
| = 1430 Miner 91, Suhe 522 
laines, IL 600; 


~ CABLE TV SECRETS—the outlaw pul 


lication the cable companies tried to bar 
HBO, Movie Channel, Showtime De 
scramblers, Converters, etc. Suppliers lis 
included. $9.95. Cable Facts, Box 711-P: 
Pataskala, OH 43062. 


CABLE TV Converters ar ‘and d rambler 
Bargain Headquarters! Jerrold, Tocom, 
nith, Hamlin, Scientific Atlanta, Oak M35) 
Only $60. Free Catalog. GCN, 1032 Irvin 
ST #109, SF, CA 94122. Order Now! Vis: 
MC/COD 800-327-8544. 


CABLE TV 
“BOXES” 


Converters—Descramblers 
Remote Controls—Accessories 
* Guaranteed Best Prices * 
* 1 Year Warranty—C.0.D.'s 

* Immediate Shipping * 
* FREE CATALOG + 


Call or Write 


TRANS-WORLD CABLE CO. 


12062 Southwest 11 uite 126 
^ 


à 33186 


Tope 


CABLE TV BOXES We sell only the bes 

rices, we ship COD. Free Bo ure. Ac 

Profuse, , PO. Box 582, Dept. S, Saco, MI 
04072, 1-800-234-0726. 


CONVERTERS All Major Brands. Info 
mations & Orders 1-800-782-0552 
FREEWAY, INC., S.M.P., PO #5036 
Burnsville, MN 55337. No Mn Sales. 


CABLE TV convecters-descrambler 
wholesale club! We specialize in dealer sales 
Our low 10 lot prices: Jerrold 400DRX3DK 
$95.00, Zenith Ztac $150, Many others 
Video-Tech, 3702 S Virginia St #160-304 
Reno NV 89502. Call today! visa/mc/co 
800-562-6884. 
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CABLE EQUIPMENT ‘Con't) 


QUIPMENT 
Davaniien, CD Payer 


JERROLD-OAK-SCIENTIFIC 
ATLANTA-HAMLIN 
ZENITH MANY MORE CALL TODAY! 

Only quality pr 
Easy to use Satisfaction guaranteed 
Knowledgeable sales slat! 
V^ Most orders shipped within 24 hours 


R YOUR FREE CATALOG 


1-800-228-7404 RE 
MAKE THE CONNECTION 
WITH 


.ECTRONICS | 


5114 Balcones Wood Dr, #307 Dept. 298 
Austin, TN. 78759 


ducts sold 


DESCRAMBLERS: OAK  M35B, 
$39.95. Also JERROLD, ZENITH, SC! 
ENTIFIC ATLANTA, etc. Guaranteed. Ca- 
ble Fie 14417 Chase #481-G, Panorama 
ci 91402. 1-800-822-9955. 


frequency from 7omhz—130mhz. Easy to as- 
semble kit includes all parts and instructions. 
‘Only $29.99 tax incl 

Call or send MO, VISA, MC for immediate de- 
livery. Include $1.50 S&H. FREE SHIPPING 
on orders of 2 or more. All orders shipped by 
U.S. Mail. COD add $4.00. Personal. checks 
allow 21 days. 

DECO INDUSTRIES 


BEDFORD MUS. NY 10507 
-3878 


NEW HE NE 
LASER TUBES $35 
Dealer Inquiries Invited. 


Free Catalog! 


MEREDITH INSTREMENZS: 
(6403 N. 59th Ave. » Glendale, AZ 85301 » ( 
“The Source for Laser Surplus” 


‘CABLE BOXES" 
: Tri-Mode 
: Jerrold SB 


Scientific Atlanta 


1-800-848-3997 


co 'Oak" TC35B Decoder 
$12.50 “Pioneer” BC1100 inverted $10.00 
out of a working system. Sold as is. Send 
X/M.O. Jim Edwards, PO. Box Nelson- 


CLOSEOUTS ON UHF ZENITH 
SSAVI AND BLONDER TONGUE. AIS. 
| 800-AI$-2001. 


QUARTZ CLOCK MOVEMENTS and 
supplies! Low Prices! Yankee Ingenuity, Box 
113S, Altus, OK 73522. 


SURVEILLANCE 
TELEPHONE 
This is a normal functioning 
telephone! EXCEPT it has à 
secret buit in monito 
Only YOU can call and monitor al 
a secret code be 
$178.00 — 6 maoth Warranty — Phone Tap Cag 53.00 
LISTEN ELECTRONICS, 603 Eigin. Muskogee, OX 14401 
1-800-633-TAPS 


conversations, using 


Range Unlimited 


MICRO FM TRANSMITTERS, books on 
building wireless and remote listening de- 
vices, might vision equipment Catalog 
$2.00. EPSILON CO, P.O. Box 291513, Los 
Angeles, CA 90029. 


CABLE TV CONVERTERS & DE- 
SCRAMBLERS For Jerrold and Scientific 
Atlanta. Low prices, one year warranty. We 
ship COD. En fier Electronics, P.O. Box 

, Boston, MA 02188 1-800-359-9806. 


CATALOGS 
WHATEVER you're looking for Tran find: 
Bice tecture adi y rss 
POB 1503, Bangor, ME 04401. 
DO-IT-YOURSELF 
ARROWHEAD Making. VHS $29.95 SH 


$3.50. Commons, Box 5012-PS, Central 
Point, OR 97502. 


TELEPHONE LISTENING DEVICE 


Record feephone conversatons in your ofice or 


Super Powerful FM TRANSMITTER 
Many mes mon powertui man ofer vansmites 
Transits up to mile io any FM rade asy 10 
Assemble Kt up o 9V banery (not nc) 
Far catalog of Transmates, Voce Scrambirs and 
mer specaly tens, encase $2 00 lo USI Corp 

Gal AUT 7251000 or send $1896 $1.00 


pU iaso COOK. aix" 
SOET EAEAP PI 
fast! Countermeasures equipment catalog 
$1.00. Capri, Box 5895, Bayfield, CO 81122. 


SURVEILLANCE KITS! Telephone, 
Room, Combination Telephone/Room Trans- 
mitters. atalog with DEED NN: 
EAVESDROPPING EQUI 

Sian” Book Review, $100. Sheffield Elec. 
tronics, 7223B Stony Island, Chicago, IL 
60649-2806. 


MINIATURE FM TRANSMITTERS! 
Tracking Transmitters! Voice Disguisers! 
Phone Devices! Detectors! Kits/Assembled! 
Catalog $2.00: XANDI ELECTRONICS, 
Box 25647, Tempe, AZ 85285-5647. 


DON'T THROW AWAY THAT USED 
COPIER OR PRINTER CARTRIDGE! 
Do it yourself? REFILL 
it's easy SAEQVER 75% 


MORACK 
INCORPORATED. Order cente 


63,470 CATALOGS DIRECTORY 
ide. Sources for anything! $5.95: Catalogs, 
Box 14107AB, Jackson, MS 39236. 


START YOUR OWN SHOP 
Complete ne 
course, clearly writ- 

ten, with photos and 

grams. Four 

books, over 300 il- 

_lustralons. How to 


Visa 


om 


. ers to 
United Stat iid $68.00 (U.S. 
Fa (Canadian 575 ). Write for detai 
Hors! Publications 
y AB. Canada Tác 3M1 


SUR ER LANE = y 
vaen a teed Lowest Pri 

Catalog $5. (00 (Refundable! PROTEC. 

RE P.O. Box 520294-A, Salt Lake City, UT 


T ODUNTERBUR. 


BUILD your own Aquarium Stand, for 
less than $25.00. Holds a 20 gal. and a 
10 gal. tank. Paint or stain to match your 
own furniture. Blais and instructions, 
$6.95. Send to: England Ent 4834 
Laddie Ct., Orlando, Florida 3: 


ADD SURROUND SOUND channel to 
your system economically. Simple principle 
works in minutes! $3.00, Surround, 
18517, Erlanger, KY 41018. 


FIBERGLASS BOAT REP/ VIDEO 
Simple Step-by-Step Instructions, Fantastic 
Results. More Information? Send $2.00 To: 
Rajo Videos, Box 1414, Tore, NM 87901. 


PLASMA FIRE 
SABER 


BE LORD OF YOUR GALAXY 
OR HIT OF THE PARTY 

All New, C» 

Unique, Bizarre SD 

and LA | 

Dazzling 7 

Special Effects | 

Available in 

* Starfire Red 

* Photon Blue Plasma 

+ Nova Purple ignition moves 

* Phaser Green upanddown | 

Specify Color depending on 
your touch. 


Creates a Bizarre. 
& Spectacular Effect 


#PFS20 Assembled $69.50 


#PFS2K Easy to Build Ki/Plans...........$44.50 


|. CATALOG of Lasers, Phasers, lon Ray Guns, 
Peste Displays. Magnetic Launchers, Night 
n, Wireless Devices, 100's More......$1. 00 | 


| ORDERS, Toll Free 800-221-1705 
MasterCard, VISA, Money Order, or COD 
For Into on other tems and discounts, write or cat 
SCIENTIFIC SYSTEMS 
PO Box 716-PS Amherst, NH 03031 

FAX 603-672-5406 Tel 603-673-4730 


51,000 CATALOGS listed. Sources For 
Anything! $5.95 CATALOGS, Box 92452X, 
Atlanta, GA 30314. 


INTERCOMS! EASY HOOK-UP! Audio 
Only From $99.00 Video Intercoms From 
$995.00. Call G&G Distributors, 
1-800-852-4283. 


RESTORE worn out NiCd batteries, in- 
structions $2.00. CJO, P.O. Box 1104, New 
Britain, CT 06050. 


BUILD: FRUIT/VEGETABLE DRYER 
Detailed plans. $6.00 to: Mitchells, Box 661, 
Centerville, UT 84014661. 


VIDEO CAMERA 
HOU/ING 


OURTECH RO. Box 20386 - Portland. Oregon 97220 


GREAT KITS/PLANS. Lasers, Electron- 
ics. $3.00 For Information. J. Furlong, PO. 
Box 151023, Ft. Worth, TX 76108. 


AQUARIUM PROBLEMS Complete 
Establishment and Maintenance Guide. 
$12.00. A. Cristiani, 125 Blythe Place, NY, 
NY 10306. 


BUILD MODEL PLANETS. Easy con- 
struction, painting. Plans, $8.00. Alco-Tech, 
Box 217, ‘dave Lake, AB TOG2A0. 


STOP GROCERY BAG WASTE with 

eser Folding cart holds reusable 

. Plans: $3.00 & SASE. Don Van- 

deraluis, O. Box 2976-PS, Naperville, IL. 
60567-2976. 


IS YOUR HOUSE 
UNHEALTHY?? 


‘The air in your house may be a threat to 


[ RI 
SMOKE and TOXIC CLEANERS. 
concentrating them to unsafe levels, 


AHEAT RECOVERY VENTILATOR from 
EES exchanges indoor air while 
conserving heating and cooling energy. 
Easily installed by handymen, 


it costs just 
pennies a day to run and can actually pay 
for heoil by recovering waste clothes dryer 


* IMPROVES INDOOR AIR QUALITY 
* SUITABLE FOR 1500 SQ.FT 

* UP TO 90% EFFICIENT 

+ JUST $495, COMPARE AT $8001 
* MADE WITH PRIDE IN USA 


ORDER TOLL FREE 
OR FOR INFORMATION 


1-800-346-0337 


or 603-532-4262 


ENU IRONHENTRL. 
ENERGY SOLUTIONS 


P.0.BOX 209 
RINDGE, NH 03461 


CRYSTAL CHANDELIERS Save 70%, 
Catalogue, CHANDELIERS, Box 9504: 
Atlanta, GA 30347. 


MORE AMAZING SCI 
ELECTRONIC PRODUCT! 
$3.00. MP High 
2103, 28 Vesey 


STORAGE BARN 12° Full sized 

terns, easy instructions, plans, materials 
ist. $10.00. Leisure Projects, P.O. B. 411a, 
Perrysburg, OH 43551. 


HOW to make your home more burglar 
resistant. $10.00 (82.00 S&H), GOW Enter- 
prises, PO Box 10483, Goldsboro, NC 27532. 


HOW TO SAVE DOLLARS 
On VCR repairs. Send $7.95 + $1.00 p&h to: 
A ame P.O. Box 829, New Tazewell, TN 


ITI * 
Catalogue 
oltage Industries. Suite 
NYC 10007. 


NO WIRING! Add Inexpensive Intercom, 
piped radio, room monitors, doorbell extend- 
ers to Home/Business, Requires newly de- 
veloped device. Works great. Guaranteed. 
Device and How-to-Build plans...$22.95 ppd, 
FutureTech Systems, Box 7263, Kansas 
City, MO 64113. 


CLASSIC CARS 


ao 


Hemmings 
Motor News 
‘World largest colector car 


MAKE Shaving Foam From Any Soap - In 
Seconds! Foamer/Dispenser $4.95. A 
thonys Originals, Box 8336-S, Natick, MA 
01760. = 


BUILD à quality portable stereo using 

jur removable vehicle stereo. Plans $8.00. 
IDEAS, PO Box 511282, Salt Lake City, UT 
84151-1282. 


Box 100, Dept. 0A17, Bennington, Vermont 05201 
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CLASSIC CARS (Cont) 
BATTERY MASTER SWITCH 


Patent Pending 


Disconnects all electrical circuits with 
a simple turn of the knob. Attaches 
to battery in minutes. Heavy duty. 
Suitable for 12 or 24 volt batteries. 
Eliminates battery drain, prevents 
electrical fires, provides emergency 
cut-off. 

Remove knob to stop theft and un- 
authorized operation. 


$12.95 each postpaid 
Add $1 for side post dgapier 
BATHUR RST, IN 
Box 27-PS, Tyrone, c3 16686 
814-684-2603 


Quantity discounts— 12 units or more. 


EDUCATION & INSTRUCTION 


CLASSES. BACHELOR'S, MASTER'S, 
DOCTORATES, ACCREDITED, x 


FREE CAREER GUIDE. Earn more 
money with Success Proven Correspon- 
dence. Diploma Courses. Granton Institute, 
ide Street, West Toronto, Canada 


MS5H 1Y3. 
HIGH SCHOOL at home, diploma 


awarded. Low monthl; 

classes, information 
1-800-228-5600, or write: American School, 

| Dept, #347, 850 E. 58th St, Chicago, IL 


payments. No 
Tee. Phone free 


(GAL GRADED CURRICU- 
LUM. Approved home study. Most afford 
able and comprehensive. 100 years of lega 
| training. CATALOG 1-800-826-922 
BLACKSTONE SCHOOL OF LAW P.O. Box 
790906 Dept. PS, Dallas, Texas 75379. 


RAPSYCHOLOGY Course. Diploma. 
Universal Esoteric (dept. PS), Box 592191, 
FLA 33159. 


FREE COLLEGE TAPE External De- 

Business/Public Administration LAW 

| Graduate-Undergraduate Financial Aid. 

(800) Ks 0005 LASALLE UNIVERSITY 
LA 70470-4000. 


rograms in a wide range of 
subjects. Detalls: The Research Bureau, 
Poydras center-Suite 2304, 650 Poydras St. 
New Orleans, LA 70130. 


{COME DOCTOR OF PHILOSOPHY 
BY EXTERNAL RESEARCH. SEND RE- 
SUME OR DETAILED LETTER, PHONE 
NUMBER. PROF. J. HOLBROOK, EU- 
ROTECHNICAL RESEARCH UNIVER- 
SITY, BOX 516, HILO, HAWAII 96721. 


UNIVERSITY DEGREES Without 


Classes! Accredited Bachelor's, Masters, | 


Doctorates. Free Revealing Facts! Thorson- 
PS10, Box 470886, Tulsa, OK 74147. 


SCHOLARSHIPS, GRANTS, LOANS, 
FOR COLLEGE. FREE INFORMATION. 
KENSAM, BOX 1383-P2. FAR ROCKA- 
WAY, NY 11691. 


FULLY APPROVED UNIVERSITY 
DEGREES! Economical home study for 
Bachelor's, Masters, Ph.D., fully approved 
by California State Department of Educa- 
tion. Prestigious faculty counsels for inde- 
pendent study and life experience credits 
(5000 enrolled students, 400 faculty). Free 
Information—Richard Crews, M.D. (Har- 
vard), President, Columbia Pacific Univer- 
sity, Department 2R50, 1415 Third Street, 
San Rafael, CA 94901. Toll Free: (800) 
227-0119; California: (800) 552-5522, or 
(415) 459-1650. 


2199 


Complete Robotic System 
Arm, KLS. (Keh : 


IBM oc Apple I1 Software 
EDUCATIONAL ACTIVITY 


a KELVIN. 


W (516) 349-7620 


Electronics. 
(800) 645-9232 


BECOME A PARALEGAL. WORK 


WITH ATTORNEYS. HOME STUDY. 
FREE CATALOGUE. 800-223-4542 
DEPT. LL109. 


BECOME A VETERI RY A! 
TANT/ANIMAL CARE SPECIALIST. 
Home Study. Free Career Literature. 
800- i2 Dept. CL 109. 


LEARNING! Triple learning 
speed through music! Develop Supermemo- 
ry; control stress. Free—book excerpt & cat- 
alog. Superlearning, 450-PS10, Seventh Av- 
enue, NYC 10123. 


ELECTRIC VEHICLES 


CONVERT FROM GAS TO ELEC- 
‘TRICITY. Illustrated step-by-step manual, 
full line of proven components, all new stock. 
LuLR pus 

LECTRO AUTOMOTIVE, PO. 
[93 $m FELTON, CA 95018-1113. 


ELECTRONIC EQUIPMENT 
SURVEILLANCE - Privacy control - De- 
bugging - Protection. (Kits - assembled) 


Large new catalog pr $5.00 Tri-Tron 2209F 
Lapalco, Harvey LÀ 70058. _. 


EMPLOYMENT INFORMATION 


HOME assembly. Electronics, Automo- 
tive, crafts, typing, sewing. Apply Now! 
[ nr 


EASY Work! Excellent Pay! Assemble 
Products At Home. Call 504-641-8003 Ext. 
8068. 


JOBS, Any State, Any Occupation, in- 
cluding Government, State, Public. Also 
Cruiseships, Tugs, Ships, Riverboats, Oil- 
rigs. Women-Men. Work month- Home 
month. U.S.A. plus Overseas. Information 
$5.00. Nationwide Employment, B223 Cen- 
tral, Indiana 47110. 


COLLEGE VERB IN ONE 


mio: ia 
| |, NY State government program. You can too! 
[Accredited degrees in Liberal Arts, Business and 
‘computers, My book guides your application, 
learning and test taking. Send $20: Rondout 
Press PS9, 21 Ravine St, Kingston, NY 12401. 
S21 back it dissatisfied! 


LEARN Computer Skills Fast. Proven 
Course Includes Workbook, Audio Tape, 
Practice Diskette, Free Details. Box 5527 
Dept A203, Hopkins, MN 55343. 


NEON, Best Course, With Free Video. 
Neon, Box 4410, Arlington, Virginia, 22204. 


WORLD WIDE COLLEGE OF AUC- 
TIONEERING, INC. (formerly Reisch) 
Since 1933. Term -COL. 
Gordon E. Taylor, Box 949, Dept. 3, 

City, IA 50401. 515/423-5242. 


HOLD ON TIGHT. Ride SUCCESS And 
Enjoy!! GET ANY JOB YOU WANT NOW. 
Terrific Information Makes it EASY, 
EASY, EASY!! $5.75, Deegan Resources, 
Sycamore St., Box 285, Rowesville, SC 
29133. 


[MPLOYMENT MANUAL for over For- 
g F unemployed, $10 plus $160 P&H, 


'reSys, Dept P, POB 58, Alcoa, TN 37701. 


OVERSEAS ... $30,000 - $75,000 + 
Free Report! Employment, Box 19760-FJ, 
Indianapolis, IN 46219. 


ENERGY SAVING 


SOLAR, GREENHOUSE, AQUACUL- 
TURE AND ENERGY SAVING CATA- 
LOG! 64 pages. Order from one expert 
souree. Featuring Sun-Lite* for do-it- 


MOTOR Run solely by 
nets. Can be scaled up without limitations. 
Patented but not on the market yet. $15.00 
for the patent plans and drawings to: Classi- 
fied Marketing, PO. Box 34088, Bartlett 

N 38184. 


BLOWERS FOR ALL BASEBOARD 
MEATERS Excellent Circulation. High 
Quiet Output. Plans. And Hardware List 
$10.95. BCR Designs, 1347 n Place, 
Front Royal, VÀ 22630, 


HOW TO SAVE MONEY on your light 
bills. Easy Illustrated instructions. $10.00. 
K and A Enterprises, P.O, Box 883, Cypress, 
TX 77420. 


‘SAVE $$$ Attic Fan Insulated Cover. In- 
expensive, Simple, Automatic, Plans $10.00. 
ild-It, Box 86, Derby, KS 67037. 


CO-GENERATE Electricity and Profits 
Your own Micro-utility. Free Details R&D 
POB 221/PS Addison IL 60101 


FINANCIAL 


DEBTS? BILLS? Lng CREDIT? No 
problem! Well help now, Applications at- 
cepted 0,000. Not a loan company 
Free app: TEAC, Dept PS. 400 Century 
Park South #117, Birmingham, Alabama 
3 26 or call 1205) 1400. 


L SOLUTIONS FREE DE- 
HEFFNER, 4130 BUCKEYS- 
FREDERICK, MARY- 


FINA! 
Tans. 


Dit 
opeit cred pot manor eredi cars: KANE, 
good ratings! Send LSASE: MILARK-C, Box 
50073, Washington, DC 20091-0073. 


BUILD WEALTH with intelligent, ag- 
jive money management tactics. NO 
GIMMICKS! Our solid financial strategies 
work for anyone! Send $5.95 to: D.G. Cobb 
Financial Associates, Box 1191, Mableton, 
GA 30059. 


FOR INVENTORS 


PATENT AND DEVELOP Your Inven- 
tion. Registered Patent Agent and Licensed 
Professional Engineer. Send for FREE PAT- 
ENT INFORMATION Every Inventor 
Should Have. Richard L. Miller, 12 Parkside 
Drive, Suite-N, Dix Hills, NY 11746. (516) 
499-4343. 


TAIWAN PATENT AND TRADEMARI 
REGISTRATION Low ch Alf 
Jason, P.O. Box 82-144, 


INEXPENSIVE WAY To Do The Pater 
Research On Your Own. Send 

Alex Knorovsky, 1003 Marcellus 
Beach, CA 90807. 


PATENT PRIMER Look Before Yo: 
Leap. /0 For Inside Information. 329 Oa! 
Brookfield IL 60513. 


“PATENTS, GETTING ONE..A Cosi] 
Cutting Primer for Inventors.” Publishe 
1990! Write for free brochure. 

Jept. S, Rutland, VT 05701. 


INVENTORS’ DIGEST. America’ le: ad 


T RAISE Money Selling Stock In Y. 
ny, Report $10.00. Idea Research Corp] 
x 90, Hull Massachusetts 02045-0090 


INVENTORS! Can you patent and profi 
from your idea? Call AMERICAN INVEN| 
TORS CORPORATION for free informa] 
tion. Over a decade of service 1 (800 
338-5656. In Canada call (413) 568-3" 


Ave, Suite 


REGISTERED PATENT ATTORNEY. 
Patent Searches and Legal Opinion. Hal- 
vonik Law Offices. 1-800-876-6670. 

CASH IN! Consultant 
Marketing "Trade Secrets!" 
3414114. 


INVENTORS: If you have an invention 
for sale or license, write for free booklet 
explaining how we can help you, Ke 
Sales Corp., C-7-FI, Fremont, Ohio 43- 


ives Patent 
tails, (412) 


mpany, 5800-S Plainview, 


INVENTORS! Confused? Need aH 
n 


| Call IMPAC for free VB package. 


queis, builders, designers. Americas | 


SR, paeng sam mail = house! 

lar Components Corpora- 
tion, Dept PS. 121 Valley St, Manchester, 
NH 03103. PHONE 603-668-8186 


U.S./Canada 1-800-225-51 


INVENTORS: Call TLCI for free infor- 
mation 1-800-468-7200 24 hoursíday — 
USA/Canada 


REGISTERED PATENT ATTORNEY. 
D.A. Kettlestrings, 414 Hungerford Drive, 
Rockville, Maryland 20850. 1-800- 
748-6216. 


DEAL DIRECT WITH 
REGISTERED PATENT ATTORNEY 


GRADUATE ENGINEER 


31 YEARS OF EXPERIENCE 
U.S) A INTERNATIONAL PATENTS 


Patent and develop your idea with the 
experience of an expert. Call or write for free 
|confidential advice, information packet and 
forms for confidential disclosure and record of 
invention. 


Overseas produ: 
"end research readily avaliable, 
JATNODUGTIONTONDUETIY a MARITO Lan 


a0 specializing in 
copyrights and tradema 


Less than 1 hr from 
US Patent Office 
CALL TOLL FREE 1-800-442-2728 


MICHAEL I. KROLL 
REGISTERED PATENT ATTOR! 

OS PATENT REGISTRATION 26,785 
171 STILLWELL LANE, SYOSSET, NY 11791 


wn 
* GARDEN SUPPLIES & 
EQUIPMENT 
INCREASE GARDEN/FLOWEI 
DUCTION Leaky Pipe Irrigation Garden| 
Kits. 20' x 24' Complete. $49.50 each. Leaky 


Pipe Marketing. 1-800-642.6 


HELP REDUCE LANDFILL WASTE: 
‘Turn grass clippings and food waste into 
MONEY MAKING SOIL! Build your own 
backyard composter. Plans $9.95. GREEN 
AGE, P.O, Box 52, Newton, MA 02166. 


GAI ouaa- RAT ORAE MT 
Kits, Hobby/Commercial sizes. FREE Bro- 
chure, GOTHIC ARCH GI NHOUSES, 
BOX 1564-PS MOBILE, AL. 36633. (1/800/ 
628-4 


GIFTS 


EMI ONLY At Sales Prices. Sizes 
h fk LEATHER Products Discounted. Cata- 
log $2.00. (Refundable) “The (other) Don- 
ald”, Box 752, Conshohocken, PA 19428. 


GOOD EATING 


PEANUTBUTTER and Martha Wash- 
ington Bon Bons. Almond Roca. Eas; asy, 
cious. $2.00/LSASE. Cash/M.O. acipes 
10526 Long River Dr. Sugar Land 
77478-1410. 


PRIZE Winning Barbecue Sauce Reci 
$2.00 Sase. P.O. Box 6509, Toledo OH 43612. 


BEER Drinker’ Pizza $10.00. Steven Ber- 
ry, 9519 Calumet, Chicago, IL 60628. 


EUROPEAN Jolof Rice Recipes $3.00 
Sase. Munic Associates, Box 1380, Boston, 
MA 02117. 


FREE help for inventors! No charge for 
ion forms and information kit. Affili- 


| ated Inventors Foundation. 1-800-525-5885. 


FRENCH Chefs CHOCOLATE and LI- 
QUEUR dessert recipe. $4.00, SASE, Jon- 
claude, Box 24249, Apple Valley MN 45100 


PATENT IT ECONOMICALLY! Free 
details. Licensed since 1958. Rainer Associ- 
ates, 2008 Fondulac, Richmond, VA 23229. 


PATENT KIT includes completed sample 
application, 60 page step-by-step instruction 
manual, and all necessary forms to file for a 


patent yourself. Money back guarantee. 
19.95 payable to: Bainbridge Publishing: 
P.O. Box 444-PA; La Crosse, WI 54602-0444. 


LUSCIOUS HAM GLAZES: Four Reci- 
- $3.00/SASE, POB 671, SoHouson, TX 
7581-0671. 


GOVERNMENT SURPLUS 


DRUG RAID SEIZURES! Buy dirt 
cheap. Cars, houses, boats, computers, furni- 
ture. Write: Seizures: Box 4do9YG West 
Covina, CA 91791. 
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GOVERNMENT SURPLUS Cont) 


GOVERNMENT AUCTIONS, DOD, 
BSA CUSTOMS, Information $5.00. J. 
ox, Box 416, Conestee, SC 2963 


‘CLOCK movements, components, plans, 
epoxy; prints, door harp supplies. videos, 
stencils - over 1500 items! Wholesale catalog 
$3.00 (credited) Steebar, P.O. Box 463-S, An- 
dover, NJ 07821-0463. 


JEEPS , Typewriters, Boats, Cars, Guns. 
irectory $3.00 Sase. Munic Asso- 


MEN'S Hairpieces 
p415 Main #209- 


HEARING AIDS 
HEARING AIDS 


PRICE CATALOG. FRE! 


SUPER SAVINGS! Newest. Finest. All 
types. Buy DIRECT & save up to HALF! 
No salesmen. Sold by AIR MAIL on HOME 
TRIAL. FREE Catalog. Write: 


MONEYSAVERS. 
Dept PS10D ^ 36658 Apache Plume Dr. 
Palmdale, CA 93550 


ENJOY HEARING 


All-in-the ear Hearing Aid! 
Nothing over, under M ind 
the ear. . . no cords, s or 
we ‘Simple slip-in La Full 
volume control. 45 di 
n NO salesman will call. 
Order your free ca! | Write 
Rhodes Hearing today 


or call 24 hrs day 


1-800-453-4905 


RHODES HEARING 
Dept. 12K Brookport, IL 62910. 
HELP WANTED 


GOVERNMENT JOBS $16,412 - 
'$59,932/yr. Now Hiring. Your area. Call 
(10805-687-6000 Ext. R-20025 for listings. 


Phone ( 
fae ed m 


TRADITIONAL  CABINETMAKERS 
WORK BENCH, you can build. Plans 
$9.95US, $13.95Cana. Robert Earl Co., 
RRI, Cameron, Ont. Canada KOM 1G0. 


NEW! BUILD AMAZING LIQUID PIS- 
TON ENGINE from pipe we Rey Easy 
Plans. Free information. ABC! 

S10, Seminary, MS 39479. 


1991 LEATHERCRAFT CATALOG. 100 
ET Largest selection of genuine leathers 
and leathercraft kits, tools, books, supy e 


low peices anti discounts. Send 
lg to: 


ather Company, Dept 
Pavovcc, Box 2934, Ft Worth, 76113. 


BUILD BASKETBALL EASY- 
ADJUST POLE $15. Materials List, Plans 
$5.00. DCT, 2716 Harmon Dr., Grapevine, 
TX 76051 


HOME HEATING, FUEL SAVERS 


Multi-Fuel Furnace 


Chop Heating Bills To 


Almost Nothin: 
nj 

economy & comfort of 
whole house wood heat 
with gas, oil or electric 
standby. It's a central 
system, nota 


for Free Catalog 


I] Yukon Energy, Corporation PS 


378 W. Count) 


HOVERCRAFT 


HOVERCRAFT Plans, Parts, Catalog 
$1.00. Universal Hovercraft, Box 281, Cor- 
dova, IL 61242. 


BARTLETT FLYING SAUCER 
ULTRA-LIGHT Hovercraft Featured In Doc- 
mentary Film, "Force Beyond” Powered By 
Oraina Lae, Mayer Peame Dania 
Plans, Supply Sources and Photo Review 
$10.00 (24 Hour Return) Send To: Herb 
Bartlett, P.O. Box 156-S, Silverdale, WA 


HOVERCRAFT Plans, 3 to 160 Hp. Infor- 
mation $5.00 (refundable). Sevtec, Box 846, 
Monroe, WA 98272 


EARN MONEY Reading books! $30,000/ 
ys.income potential, Now hiring. (1) 

-687-6000 Ext. Y-200; 
INTELLIGENCE. es CIA, US Cus- 
Now Hiring. Call (1) 805 


200: 
HOBBIES & COLLECTIONS 


MILITARY Medals Catalogue $1.00. 
Yearly Tau $8.00. S. Vernon, Box 
1560PS, Wildomar, CA 92395. 


HOME CRAFTSMAN 


MAKE WOODEN TOYS, whirligigs, 
door harps, dollhouses, clocks, music boxes, 
weather instruments, crafts, furniture with 
gur plan parta kits, supplies Catalog 
$1.00—(614) 484-4363—Cherry Tree Toys, 
Belmont, Ohio 43718-0369. 


MAKE SUPER PATENTED educational 
toy for fun or profit. Plans $5.50. Nursery 
Math, PO. Box 62394, King of Prussia, PA 
1 


HUNTING & FISHING INFO 
BEEMAN ADULT AIRGUNS! Worlds 


most accurate and most powerful, regular, 
. Calibers: .177, .20, 22, 
est U.S. sales. Unequalled tri 
lurability, ownership pride, quality. 
Also: pointed, hollow point, extra heavy, hi 
velocity, and match pellets. Free 108 
Guide/Catalog. Add $2.00 for fast mail. 

man Precision Arms, 3440 PSC Airway Dr., 
Santa Rosa, CA 95403. (707) 578-7900 (24 
hours). 


HYPNOTISM 
FREE Hypnotism. Sleep Learning Pub- 
lication. DLP, Box 487, Anaheim, CA 92815. 
FREE HYPNOTISM, SELF- 


ST. LOUIS, MO 63132. 


IMPORT-EXPORT 


ADDRESS OF FREE 800+ 
DEALER'S COLOR DIRECTORY 1,000 + 
Manufacturers/Exporters, Addresses, Pho- 
ne, FAX. Household Electrical Garments, 
Gifts, Hardware, Toys, Sundries, Paintings, 
Jewelry etc., Mail $10.00 NOW to: ANGELA 
515 North 7th Street PS, Leavenworth, 
Kansas 66048. 


INVENTIONS WANTED 


HONG KONG factory needs several new 
products for their oversea buyers. Send prod- 
uct ideas for royalty evaluation. Can produce 
exclusively. Hongkong Plastic Metal Prod- 
ucts Company, Box 69627, Kwuntong, 
Hongkong. 


INVENTORS Your first step is impor- 
tant. For free advice, call ADVANCED 
PATENT SERVICES, Washington, DC, 
800-458-0352. 


INVENTIONS, ideas, new products! Pre- 
sentation to industry and exhibition at na- 
tional innovation exposition. 1-800-288- 
IDEA. ISC-PS, 903 Liberty, Pittsburgh, PA 
15222. 


INVENTORS: Free information on offer- 
ing your invention for sale. Kessler Sales 
Corporation, C-7-IW, Fremont, Ohio 43420. 


JOKES & NOVELTIES 


OFFICE JOKES 1990. Great Current 
Jokes That Produce Real Laughter And In- 
crease Your Popularity. Book. Send $5.95 to 
P&P Inc., Box 16434, Alexandria, VA 22302. 


KITES 


rKITES Sy 


I Free COLOR NS 
|] arose from over 100 kites. 
Many unusual & innovative designs. 
i Cali or write for your catalog today! Sg 
I Into The Wind « (303) 449-5356 [| 
LAS Pear St, Boulder, 


LOANS BY MAIL 


BORROW $50,000 “FAST”. Any Pur 
Guaranteed. Capital, Box 561359-PS, 
lotte, NC 28256. 


IMMEDIATE Loans to deserving individ- 
uals refused elsewhere, Many plans in- 
us! Associates P3, 
Baldwin, 'Y 11510-9008. 


BORROW BY MAIL Get $500-$75,000 
Quickly. Nearly everyone qualifies! Request 
Free application. MJS Industry, Box 531, 
Bronx, NY 10461-0531. 


LOANS ! LOW PAYMENTS. (Example: 
$5000 Personal approximately $155/month). 
Visa/MasterCard. 516-349-0251 


,000! “Overnight” 
indefinitely! Action, 
Bar, CA 91765. 


$60,000 Overnight: Any 
indefinitely! Free details! Write: 
x 1593-SP, Safety Harbor, FL. 


har- 


BORROW S: 
On Signature. Kee 
Box 5499-Y Diamon 


BORROW 
! Kee 
rtin, 

34695. 

ORROW $500-$200,000 quickly. 


Nearly everyone qualifies! Free Application. 
x 10321, McLean, VA 22102. 


BORROW $100-$100,000. Quickly, on 
Signature/Secured Immediately! Apply 
Now! 1-404-879-5514. 


ARAB BUSINESSMEN have money to 
buy invest. Top finders fees paid. IMEA. 
1090/PS1. Box 3574. Newport Beach, CA 
92663. (714) 722-9260. 


A-VISA ($10 per call) Visa/ 
Mastercard. Instant Preliminary Approval 
With This Call! Poor Credit. 


CREDIT REPAIR, SIMPLE STEP BY 
STEP. METHOD SHOWS HOW TO ES- 
TABLISH OR ERASE BAD CREDIT. 
$19.95. JAMES ASSOCIATES, 9 MT. 
VERNON STREET, WORCESTER, MA 
01605. 


CASH HOTLINE $500 - $100,000 On 
Signature. "Overnight" 98% Eligible! Fast 
jean (713-621-2204). 


DOLLS Bunk Bed Plans. $8.00, SASE, 
WOODWORKS, Box 24249, Apple Valley, 
MN 55124 


FREE Hypnotism, Self-H; 


nosis, Sleep 
Learning Catalog’ Drawer 
NM 88345. 


|, Ruidoso, 


BORROW: $100 - $100,000! Fast! Confi- 
dential. Glendale Associates, P.O. Bax 
260279, Plano, TX 75026. 1-800-444-659! 


BORROW $500-$200,000 on signatu 
Saint, P.O. Box 602, New York, NY 1001 


CASH GRANTS AVAILABLE frc 
foundations! Never Repay! 401 sourci 
applications instructions — $3.0 
Fundsearch, Box 19107-FJ, Washington 1 


BORROW $500-$100,000! “Immediate! 
On Signature. Keej "vc e Credit-2 
Box 1621, Spring, TX 77383 


FREE MONEY! $300,000,000 GIV 
AWAY. Grants. Never repay. Details $1. 


bon) Box 3066-PS100, Seminole, | 


line credit without investij 
tion! Private Swiss bank account! Oti 
financial benefits! Free valuable re] 
NACC PS-10 Box 5399, Torrance, CA 90! 


MAGIC TRICKS, PUZZLES, ETC. 


TEACH YOUNGSTERS Ice n 
fect "quality time”! Booklet. $3.00 
SASE R Gill, Box 339, Yonkers, NY 1070 


X-RAY GLASSES! Send $7.95 To: Wi 
iams, Box 603, Stockton, MO 65785. 


MINERALS & PRECIOUS STONE: 


GENUINE CAPE MAY DIAMOND 
$10.00 Each Three For $25.00 To: King, P. 
Box 3581, Boynton Beach, FL 33424. 


MAILING LISTS 


NEW NAMES DAILY! IMMEDIAT 
‘SHIPMENT! Guaranteed 

Seekers. Adhesive labels, 200/ 
1,000/818; 2,000/$29; 5,000/$59 QUAL 
LISTS, Box 6060-CW, Miller Place, N 
11764. VISA/MC/COD. 800-356-6392. 


NEW ACTIVE NAMES! 
MIXED STATES! IMMEDIATE SHI 
MENT! Adhesive Labels — Hot Line Opy 
Seekers, 200/$10.00; 500/$15.! 


tunit; 
1000/$25.00. Others. ADVON Drawer B 
Shelley, ID 83274, Visa/MC/AmE 
1 


FIRST ORDER “TRIPLED FREE 
Opportunity seekers! Computerized, a 
hesive label: 0/$5; 500/$9; 1,00 
$15; 2,000/$24; 5,000/$49; 10,000/$9 
LIST-MASTERS, Box 425-WK, Mt. Sin 
NY 11766. Visa/MC/COD ca 

ORIGINAL BRAND NEW NAME 
from our own advertising! Adhesive labels 
diskettes. OPPORTUNITY SEEKEF 
AND BUYERS. 200/$15; 500/$25; 1000/$3 
- ‘CEF, POB 448, Spokane, WA. 9921 
VISA/MC; 509-838-3344. 


ACTIVE NAMES DAILY! Compu 
erized, Peel-Stick Labels, Immediate Shi 
zn 1,000/$12, 2,000/$20, 5,000/$4 

000/$75. Sam-Enterprises, P.O. Bi 
18387, Watauga, TX 761. 


MISCELLANEOUS 


SUPER EXTRA INCOME with Nut 
tion Express! Details free! Dewey He 
lyhand, Box 75, Coker, AL 35452. 


DOOR KEY LIGHT—Never 
again fumble for keyhole in the 
dark. One touch lights the lock for 
six seconds. Turns off automat- 
ically. Only 224" x 34" and comes 
with self-stick strip. Adheres to 
wood, glass, plastic or metal. 
Weather resistant. Runs on two 
"AAA" batteries (not included). 
To order send $7.95 + $1.50 
S&H to: 

COVINGTON HOUSE 

5631 Centerhurst Dr. 

Dept. A, Box 15563 

Fort Wayne, IN 46885-5563 
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MISCELLANEOUS c 


SAVE DOLLARS and have fun with all 
natural saltwater perum Booklet $6.00. 
G.U.M., PO. Box 485, Pelham, NY 10803. 

SUNGLASSES írom EyCo. Aviation 
style, top quality plastic lenses, metal 

ler #1252, $8.50/pr. 2pr/$15.00. 
econ FREE Colorado Lottery 
‘Ticket with order. EyCo., 3140-K -So. Peoria, 
Dept. 178, Aurora, CO 80014. 


MODELS—SHIPS, CARS, PLANES, 
ROCKETS 


LIVE STEAM MODELS! 100 Kits or As- 


sembled. Stunning Colored Catalog $5.95 
Refundable. Diamond Enterprises. t PS 
Box 537, Alexandria Bay, 13607 PHO- 


NE: (613-475-1771. 
MONEYMAKING OPPORTUNITIES 


MAKE Rubber Stamps. n Prolite: 
ble. Free details. STAMPER, P. 
(LLD). Tampa, FL 33622 


EASY Work! Excellent Pay! Assemble 
Products At Home. CALL 504-641-8003 
EXT.6517 


HIGH PROFITS WITH CUSTOM 
T-SHIRTS AND CAPS. Transfer machines, 
Rope PRESS, POB 22809(LLD), Tampa, 


EARN HONEST MONEY thru sales 
send $34.95 to BCL Audio and Video PO Box 
2668 Gaithersburg MD 20886 for start-up 

it. 

QOLD from junque. Send $995 to Gold, 
Box 8947 Albuquerque 


A FORTUNE IN MLM! unes SE- 
CRETS REVEALED. b DETAILS. 
LINMARK, DI GALAHAD, 


EL PASO, TX 700248 re 


THE “PERSONAL ALERT" 


The most effective device to 
deter criminal attack against 
you or your personal posses- 
sions, ie. purse, suite case, apt. 
door, etc. Sonie Bug automat- 
ically triggers upon attack! 
When worn will detect an un- 
conscious person falling to the 
ground. “Screams louder than 
any human voice on earth! 
Totally foolproof, Auto resets. 
‘Wearable unit - includes (2) 9. 
volt Batt. $100.00 ea. Shoulder 
pouch — $8.00 Ea. Satisfaction 
‘or money back. Check or money 
order to: King Research Lab. 
715 S. Sth, Box 700, Maywood, 
IL 601: 


BE A WINNER! Self Improvement and 
How To Books. Free Catalog. J. Dobson, P.O. 
Box 61-0667, N. Miami, FL 33261. 


TELEPHONE SURVEILLANCE 
METHOD. INCREDIBLE MONITORING 


POTENTIAL. No or wires needed. 
Easy, 5 minute setu -No Gimmicks. 
Details - $9.95. C.M. Jenkins, PO. Box 33, 


Myrtle Beach, SC 29578. 


ALCOHOL Still New approach comj 
portable, self contained, easy to build. 
and recipe included. Base. $9.95. F&S 
Ent., Box 469, Waukegan, lenis. 


COLLEGE DEGREES, Hi; 
ran Authentic looking. 

pt. PS-150, National Certificate, DES 
Avenue, New York, 10010 (718) 768-6803 - 
(24 HOURS). 


FACT: MOTORFUEI 
UNUSED! Several Newly Avaliable, Praet 
tal Technologies Everyone Should Know, 
Improve Milage, Performance, Emissions 
Simply. Guaranteed! Gas/Diesel. Infopack: 
$5.00. ENVIRONMENT FRIENDLIER 
VEHICLES, Box 497-A, Trail, B.C. Canada 


MONTANA LAND BARGAINS: 20 Acre 
mountain parcels starting at $12,900. Call 
NOW for FREE information. 1-800-252- 
LAND. Yellowstone Basin Properties. 


NORTHERN IDAHO. 5-10-20 ACRES. 
Beautiful Northwest forest and lake coun- 
, fishing, recreation, retire- 


OPERTIES, 1111-PC Sherman, 
Coeur d'Alene, ID 83814. (208) 664-8161. 


CALIFORNIA. Acreage. Lots. $50 down. 
$50 monthly. 4602 Ethel Ave., Sherman 
Oaks, CA 91423. 


PRINTING SERVICES 


PRINTED envelopes as low as $15/ 
thousand. Free Catalog. Save money, make 
money. Dealers wanted. Associ 
2505, Dept. POO4, East Liverpool, OH 4 P3 
(216) 386-9426. 


RADIO, TELEVISION 
ner Frequencies: Federal, 


SECRET San: 
Police, etc. Free Catalog! CRB, Box 56PS, 
Commack, NY 11725. 


NO-ANNUAL-FEE VISA/MC Com] 
info on 15 cards. $2.00 CYPRUS, os 
4108A. Urbana, IL 61801 


OLD GOLD, JEWELRY WANTED 


TAKE NO CHANCES, Deal with oldest, 
most reliable firm in old gold business. Es- 
tablished 1934. We buy 
inum, Diamonds. Highest 
mation. Rose Industries, 29-Y East Madison, 
Chicago 60602. 


HIGHEST CASH for Gold, Jewelry, Gold 
Teeth, Ri Diamonds, Watches, Silver, 
Platinum. Mail Articles Today 


with Information. Chicago Gold & Precious 
Metals, 10 S. Wabash, Dept. 257, Chicago, 
60603. 

PLANS, BLUEPRINTS 


BUILD Automatic Home Water Filter 
Unit For 20% Of Retail Cost. Complete In- 
structions $2.00. Guaranteed. Water, 308 
Rustic, Algonquin, IL 60102. 


ARCHITECT'S UNIQUE 
MOUSE PLANS! Professional blueprints 
with materials list. ify: Colonial, Con- 
temporary, Tudor, $9.00 each. All ‘three 
$20.00. Zanclea, So Box Nine, Highlands, 
NJ07732. 


BUILD THIS "BABY" BABY-GRAND 
E Childs Piano 


$100,000.00 IN 12 MONTHS! 

HELPING PEOPLE. COMPLETE DE- 

‘TAILS $3.80, NUTRIPRO, RR1, BOX 1112, 
WESTFORD, VT 05494-9514. 


ENTREPRENEURS $10,000.00 
monthly. Guaranteed money-making meth- 
ods. Free details: Lira P10, PO Box 31693, 
Tucson, AZ 85751. 


EXCELLENT Extra Income! Easy Home 
Assembly Work. 24 Hour Recording. 
(619)966-6083 Dept. 105 


MUSICAL INSTRUMENTS 


INTERNATIONAL VIOLIN COMPANY, 

tonewood, tools, varnishes, parts, accesso- 

ries, strings, cases, instruments, bows. Vio- 
lin, guitar kits. Catalog $1.00. Dept. PS, 

4026 W. Belvedere Ave, Baltimore, MD 
1215. 


OF INTEREST TO ALL 


GOLD CREDIT CARD GUARANTEED 
APPROVAL. NO BANK DEPOSIT NEC- 
ESSARY. CATALOG SHOPPING USA 
GOLD CARD 1-800-888-7774. 


HELP Save Our Earth - PEREGRINE'S 
GUIDE AN ENVIRONMENTALLY 
RESPONSIBLE HOME shows how! $9 
Peregrine, 7511 Cass Two, Omaha, NE 

ji 


STEALTH T-SHIRTS $14.95, MANY 
OTHERS, LIST $1.00. VATS, BOX 23, 


| SEA CLIFF, NY 11579. 


P.o. Box a85, Chenango Bridge, NY 13745-0485 


PLANS & KITS 


ES by Natural Spaces. Simply the 
BEST Call us- 8007337107, o 


PLASTICS 


GASTO Liquid Plastics. Oud 
clear, colors. Fo r casting, PEE 
ing, fiberglassi iring juc- 
ing withour Mold ‘Making Su ‘Supplies. Catalog 
$2.00. CASTOLITE, Dept. 90M/PS, Box 
391, Woodstock, IL 60098. 


REAL ESTATE 


LD YOUR DREAM IN COLORA- 
Do” Build your cabin from your own trees. 
Create a pond from Crystal Clear Water. 
Harness Solar Energy from over 300 days of 
unclouded P 35 Acres from $22,900, Low 
Down Eas rochure Call To- 
day 1-800-383-0583, Fettan Land of Colora. 
doCorp. 


AMAZING NEW SUBWOOFER 
DESIGN! UP TO 104 dB 
EFFICIENCY! UP TO 500 
WATTS UNDISTORTED!! 
BELOW 30 HZ RESPONSE 
BUILD FOR UNDER $100. 
FOR PLANS SEND $4.99 TO 
BASS BOSS, P.O. BOX 1193 
MILLINGTON, TN 38083 


e su GAIN DISTRIBUTION AMPLI- 
UMF/FM/VMF, 25 db $16.95 + $1.00 
fanding GGE 5408 Venus, Port Charlotte, 


ROBOTS 


ROBOTS! Personal and Industrial fully 
Assembled and Kits Robot Arms, PC Ii 
"TT Sensors $30.00 to $80,000 catalog 

00 Refundable with order. HTO; P.O. Box 
Eo RSF, CA 92067. 


RUBBER STAMPS 


Order "CUSTOM MADE 


RUBBER STAMPS 


UP TO 4 LINES only nly $298 
(Max.30 letters per line) 


j. INK PADS only $1.95 es. 
Specii Cor Black Blue Red Green 


Add 286 per tem tor postage 
‘SATISFACTION GUARANTEEO 
FAST SERVICE. Your Order Shipped in 5 days! 


QUALITY Stamp Mtg. Box 35514-S. Tulsa, OK 74153, 


Profita- 
ble Free details aul STAM, TBE Box 22805 
(LLX), Tampa, FL 336: 


OE TV 


Systems, upgrades, 

IRDs, movers, Feeds, LNB 

3' to 24' dishes and more... 

Names Like - 

Monterey, Uniden, Drake 
HTS, Orbitron, elc. 
800-334-6455 
218-739-5231 MN & INT. 
SKYVISION INC? 


2026 COLLEGE WAY 
FERGUS FALLS, MN 56537 


[SATELLITE TV. 


| Call for FREE 32 Page Catalog. 
| Altair. Lowest Pees 


1-800-222- 9064 
1741 Cedard: 
Mount Vernon WA * 


NOBODY URDERSELLE WEST 


SATELLITE TELEVISION D 
SCRAMBLERS Complete Detailed Plan 
For Home Construction By Anyone. $5.0 


SATELLITE Monthly Audio Code 
1(900HOT.SHOT. Intended for Testin 
Only. $3.50 Per Cail. 


VIDEOCIPHER Technical Manuals 
cluding 'atalog - $3.00. TELE| 
cope, P.O. BOX 6426-PS, Yuma, 
85366-6426. 


SATELLITE — TV 
Over 200 stations. Systems 

from $19.00 per month Q.A.C. 
C-Band-K.U. — Descramblers 


R&R 
P.O. Box 8040, Anaheim, CA 92802 
Call free 800-869-9443 U.S, 
or 714-884-9710 INT. 
Guaranteed Lowest Prices 


FEEDHORN replacement servo motors, 


Boman ty rs $14.95 + $1.00 Han. 
oN. , 5408 Venus, Port Charlotte, F 
1. 


SCIENCE & CHEMISTRY 


225 PAGES! 1988 Glassware, chemicals 
equipment, books, experiments, DINO. 
URS and charts! Most comprehensive cat 
offered by anyone in this column. 
tablished 1970. $3.00(US) REFUNDABI 
Analytical Scientific, 11049 Bandera Sa 
Antonio, TX 78250. (512) 684-7373 VISA. 


CHEMICALS AND LAB EQUIPMEI 
Chemicals, small or CE 
your convenience. Glassware, 


$150 established 1988 Hagenow Laborato] 
ries. 1302 Washington, Manitowoc, Wiscon- 
sin 54220, 


FOX Scientific Laboratory Supplies 
Chemicals. $2.00. 4571 S Westmoreland,| 
Dallas, TX 75237. 


HUMAN SKULLS Incredible Detail, Du-| 


rable, Replica $69.95 PostPaid Cash, Check, | 
Money Order. Skulls, P.O. Box 51, Mt, 
Union, IA 52644. 


SONG WRITER 


ONGS WANTED. Fr: 
lis! ng Pains Broadway Music,| 
Bor 7438-PS, Sarasota, FL 33578. 


SPECIAL SERVICES 


INFORMATION On Anything. Ferguson 
Research Specialists. 50-15 Woodside Ave 
nue, Woodside, NY 113 


PERSONAL #800 Answering Service 
$9.50/month .35/minute 1-800-877-6561. — 


STAMP COLLECTING 


1,000 STAMPS, $2.95. Guaranteed 
over $30 at standard catalog prices! 
AILdifierent 55 countries! Money back if fnot 
deli Approvals. Kenmore OM-192, 
fra, NH 03085 


DISCOUNT Stamps, Request Countries, 
coe IVA, Box 197-B, Hanford, CA 
32. 


50 DIFFERENT Old U.S. Between 1861 
and 1939. $1.00. Rousch, Box 3734, Mans- 
field, OH 44907. 


UNITED NATIONS 3 Mint Sets, 25e. 
GOMA POB 1509-P, Lake Placid, Florida 


FREE STAMP CATALOG — All the latest 
bargains on worldwide stamps and related 
supplies, baseball cards, postcards and 

banknotes. Yours FREE when requesting 

approvals. Buy only what you like — return 

ance. Falcon Stamp Company, Dept. 
BCIOOBSE. Falconer NY 147330900, 


TOOLS & MACHINERY 


qBOETS:scriaws, TOOLS, WHOLR. 
CT. Guaranteed. Catalog 
$001 ‘refundable! Camelot, Dept. 33, Box 
65, Bristol, Wisconsin 53104, 


4” METAL Cutting Lathe $114.25., Taig, 
15048 Proctor, Industry, CA 91746. 
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TOOLS & MACHINERY (Con's) 


INFINITELY VARIABLE TRANSMIS- 


opportunity inquiries welcome (604) 


LATHES — MILLING MACHIN 
PLIES 


E= 
Catalog $1.00 
.0. BOX 536-PS, HURRICANE, WV 25526 o 
'* Compact # Maximat € Mylord e 
Toli Free Number For Orders 


2" CARBON STEEL Hacksaw blades. 
dustrial strength-Premium quality. 
ILY 21€ EACH. Free Tradeline, 
D. Box 3204, Ridgewood, NY 11385. 


lle). MIS, Suite 223, 24: 


Black Rock Tpke, 
irfield, CT 06430. 


“SHARPENERS REPORT” Monthly 
Newsletter. Tips Sources -Used Equip- 
ment. FREE Brochure. SKOG Compan; 
Dept. PS10, PO 22559, Minneapolis, MN 
55422. 


TOYS & GAMES 


NEW TOY IDEA? Need access to toy com- 

panies? Have a qualit Prototype ? Want the 

We ‘can help! EXCEL 

lopment and Inventor Agen- 
1200. 


TREASURE FINDERS, 
METAL DETECTORS 


FIND Old Coins, Jewelry, Gold Ni 
New Patented Revolutionary Device. Free 
Catalog. Gardiner Electronics, 3131L N 
35th Ave., Suite K, Phoenix, AZ 85017. 


— 
RESEARCH PRODUCTS 


TAMPA FLORIDA 33688 


TELEPHONES & ACCESSORIES 


1-800-TOLL FREE Voice Mail. Personal 
7800" Number $9.50/mo (1-800-729-3675). 


WINEMAKING 


BEERMAKERS—Winemakers Free 
Catalog. Fast Service, Free Recipes. Cellar- 
S. Box 33525, Seattle, WA 90133. 800- 
342-1871. 


WINEMAKER—BEERMAKER: 
Illustrated cataloj supplies. Semy 
P.O. Box 11476H, Minneapolis, MN 5: 


FREE CATALOG! GREAT PRICES! 
FAST SERVICES! SEBASTIAN BREW- 
ERS, 1762-S SUNRISE LANE, SEBAS- 
TIAN, FL 32958, (407) 589-6563. 


VIDEO EQUIPMENT 


RENTAL MOVIE STABILIZER. Con- 
nect between VCRs or to monitor. $69.95. 
1-800-367-7909. 


WIRELESS CABLE RECEIVERS 
1.9 T0 2.7 GHz 


o atc Os 


VISAMC AMEX QUANTITY DISCOUNTS LIFETIME WARRANTY. 
MEMBER OF THE BETTER BUSINESS BUREAU 


FREE! SPACE & SCIENCE VIDEOS 
CATALOG. Write: Space Flight Production, 
38 Brawley Ave., Toronto Ontario Canada 
M8Z4ZA. 


VIDEO 
GUITAR Sesh 
LESSONS Sneen 
ON VIDEO :555 zr. 
Country & Folk . 24322) 
LONGSWORD PRODUCTIONS - 


O. Box 1 
Seat Sie Harie. Michigan 49783 


WATER PURIFICATION 


DRINK PUREST WATER! Home Dis- 
tributors, Discount Prices! 800-874-9025 
Box 45981, Center Hill, FL 


YOUR OWN FILTERED WA. 

TER SYSTEM AND SAVE. Plans, plus 

information on RO, Distillation, Filters, sup- 

liers. non to: Aqua Aero. P.O. Box 255, 
rceline, MO 64658. 


ENJOY THE BENEFITS OF SOFT 
WATER WITHOUT ADDITIVES! Send 
$1.00 refundable with first order for infor. 
mation. ENVIRONMENTAL, 747 W. Rob. 
inson, Fresno, CA 93705. 


POPULAR SCIENCE CLASSIFIED OPPORTUNITY MART 


10 word minimum 


BOLD FACE CAPS 
add $1.00 a word 


WORD COUNT: Each word or initial in name and address must be counted as a word: John E. Jones, 345 East Main 
St., counts as SEVEN words. P.O. Box 3 counts as THREE words. City, standard 2-letter state abbreviation and zip 
code together count as TWO words. 


DEADLINE FOR ADS: See head of classified section. 
TERMS: Payment with order or charge your VISA, MasterCard, American Express or Diners Club account. 


sified Advertising Dept. POPULAR SCIENCE, 2 Park Ave., New York, NY 10016. 


Order 
Form 


CO Remittance of $. — ^ 1 is enclosed to cover insertion(s) in the issue(s). 
O CHARGE to: Exp. Date 
Heading my ad should be under: 
T z 3 7 
E g 7 € 
g LJ " T 
| 5 z 7 * 
\ 
| 7 7s LJ E] 
| YOUR NAME PHONE l 
(PLEASE PRINT) | 
FIRM | 
s l 
ADDRESS | 
CITY STATE ZIP | 
DATE: YOUR SIGNATURE l 
l 


(PLEASE PRINT OR TYPE COPY « FOR ADDITIONAL WORDS ATTACH SEPARATE SHEET) 


POPULAR SCIENCE OCTOBER 1990, 


Looking Back... 


Sampling a century of Poputar Science 


©) OCTOBER 1965 

) “You drive to the outskirts of town, come to an 

YEARS AGO ultramodern tollgate structure marked ‘Cen- 
tury Expressway. You climb the ramp, press 

the throttle hard. On your right, other cars are moving at 

70 and 80 miles an hour. 

“The wind whistle increases. Your speedometer goes right 
up past 80 and keeps going: 90, 95, 99.... The other cars 
fade far behind. A voice override breaks into your radio 
program: ‘Welcome to the Century Expressway’ A 500-mile 
stretch of wide, clean ‘runway’ opens ahead of you. You’re 
driving America’s first ‘speed road'—built for travel at up 
to 150 mph. 

“No dream, the first Century may well be ready for your 
car within a dozen years. It is not to be an automated 
highway of the far-out type. It’s basically for today’s cars 
and for today’s drivers. The engineers who proposed it have 
bypassed automation; you will be in constant radio con- 
tact (like a plane) with passing control towers. And you 
may also, like a plane, be in radio touch with nearby cars.” 


j OCTOBER 1940 
DA “Five miles west of the heart of Detroit, Mich., 
YEARS. ‘ago °° the banks of the River Rouge, is the single 
largest manufacturing plant in the world. 
Sprawled over land that could accommodate more than 
1,000 football gridirons, this gargantuan factory employs 
80,000 men and can turn out 6,000 automobiles in a sin- 
gle two-shift 16-hour day. That’s better than one com- 
plete, ready-to-run car every 10 seconds. 


mills, tool and dye shops, powerhouses, railroads, labora- 
tories, and offices in this giant Ford Motor Co. plant pres- 
ents the first impression of one vast chaotic tangle. Yet, 
by a miracle of science and industrial organization, the 
sprawling parts are blended into a clockwork unit that at 
one end sucks in raw materials, and at the other blows 
out a steady stream of gleaming motor cars. To get any 
idea of the tremendous size of this manufacturing mon- 
ster, you have to understand that the Rouge plant taps its 
raw material sources from all around the world.” 


OCTOBER 1890 
“From Cape Cod to Florida our coast is fringed 
YEARS AGO with barrier beaches—reefs of sand that pro- 
tect the mainland shore from the storm waves 
of the ocean. Railroad and turnpike bridges have been built, 
connecting many of them with the shore. Hotels and cot- 
tages, clubhouses and bathing-houses, in short, buildings 
that contribute to our pleasure and comfort have sprung 
up all over the Atlantic coast. 

“Such is the beach of Sandy Hook, which forms the 
northern extremity of the New Jersey seacoast. Previous 
to 1778 Sandy Hook was connected with the base of the 
Navesink Highlands by an isthmus. However, in about 1778 
a channel was opened across the isthmus, and a new pas- 
sage was created due to the tidal currents of the Shrews- 


The Century Expressway: a road designed for speeds up to 150 mph. 


Kon ES a 2 Tenge 
In the River Rouge plant, the body of a Ford is lowered onto the chassis. 


bury Inlet, which formed the common mouth of the Nave- 
sink and Shrewsbury rivers. This passage gradually closed 
and in 1810 became impassable. 

"t seems the only means of protection is the construc- 
tion of jetties extending far enough from the shore to in- 
tercept the currents, which carry away loose sand. Such 
jetties have protected the shore at Cape May and added 
territory to Atlantic City. 

“These developments along the Jersey coast show that 
the ocean front is not fit for building purposes, for it is 
impossible to protect a house near the water’s edge from 
ruin in the heaviest of storms. Many cottages are now 
much nearer to the water’s edge than they were a few 
years ago because of the wear of the shore by currents.” 
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THE INSIDE STORY ON ANEW LEVEL 
OF CLOSENESS AND COMFORT 


Not to scale. 


More hair enters Improved system Improved system 
the chamber of the lifts and exposes cuts hair even closer. 
improved “Lift additional hair. 

and Cut” system. 


Cuts off 
more hair. 


| One look into our revolution- directed to the blades. The cutting 
ary new razor and you'll realize the system has been engineered to 
standards of shaving ow shave even closer without 


have been raised. SSP) the blades touching your 
Dramatically. You'll skin. And an improved 
find you can now shave g bearing mechanism 
‘closer than ever without delivers a more consis- 
'the slightest sacrifice tent, smoother cutting 
of the legendary Norelco’ action. 
comfort. Together, these engi- 
This new standard neering advances shave 
of shaving excellence was you closer than ever. Yet 
achieved through major not one iota of comfort 


improvements "—- m has been lost. Rather, 
\ invirtually ^^ wEwGENERATIONNORELCO you've 
j| every area of gained a new 
j the Norelco patented level of closeness 


T “Lift and Cut system. and comfort. 
“Liaandcut ar. The comb slots have And that, gen- 


E 4 beenredesignedsohair tlemen, is the real 
performance. — growing at inside 


any apem can be quickly C )Nor elco story. 


©1990 Norelco Consumer As Company 


"rers. NEW LEVEL OF CLOSENESS AND COMFORT, 
Samia Cros ses mat A LUUSENESS 


© The American Tobacco Co. 1990. 


E. | Surprisingly 
Ultra Lights. | mo) 7 r ich. 
At '2 price. 


SURGEON GENERAL'S WARNING: Smoking 


By Pregnant Women May Result in Fetal 


Injury, Premature Birth, And Low Birth Weight. MANUFACTURERS LIST PRICES. ACTUAL RETAIL PRICES 
MAY VARY. 


